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(57) Abstract 

The present invention relates to a rotary machine generating a sinusoidal cur- 
rent, made with laminated metal sheets with low hysteresis and rotationally dnven 
by a mechanical energy source, supplied by an electronic device which is comprised 
of - a sinusoidal reference oscillator (10) delivering a pilot voltage (Upn) of constant 
frequency; a comparator (25) comparing the voltage (Upu) with the induced vol- 
tage (Uind); a sinusoidal power inverter (11) supplied by the voltage (Uinj) and 
delivering a control voltage (U^om); a phase-shifter (12) making (Uind) in phase 
with (Ucom); a start-up circuit (15) supplied by a battery (14), delivenng a current 
(laux) to an auxiliary winding (16) in phase with (Ui^a); a bipolar on-off switch 
(18); a low voltage supply (20) from (Umd)- 

(57)Abrege 

La presente invention conceme une machme toumante generatrice de courant 
sinusoXdal, r6alisfee en tdles mfetalliques feuilletees a faible hysteresis et entrainee en 
rotation par une source d'encrgie mecanique, alimentee par un dispositif electrom- 
que qui comporte: un oscillateur sinusoidal de reference (10) deltvrant une tension 
pilote (Uuii) ^ frequence constante; un comparateur (25) comparant la tension 
(Upii) a la tension induite (U^^d); un onduleur sinusoidal (11) de puissance ali- 

ihente a oartirde la tension (Uind) etdelivrant une tension decommande(Uconi)» • 
iSJSur adaptfe (12) pour?^e {\J-^ soit en phase avec (Ueo J; un circuit de demarrage (15) ahmente par unebattene 
(M)7£rant un (I.L) ^ un boWnage auriUaire (16). en phase avec (Ui„a); un commutateur b.polai« marche-arret 

(18) ; une alimentation basse tension (20) a partir de (Uind)- 
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MACHINE TOURNANTE 
GENERATRICE DE COURANT SINUSOIDAL 
DE FREQUENCE INDEPENDANTE DE SA VITESSE DE ROTATION 

La presente invention concerne une machine tournante 
g^neratrice de courant sinusoidal de frequence 
independante de sa vitesse de rotation. 

Etant donne qu'un conducteur se deplagant dans un champ 
5 magnetique B est le siege d*une force electromotrice e 
induite proportionnelle a sa vitesse v de deplacement, a 
sa longueur 1 et a I'intensite B du champ magnetique : 

e = V . 1. B 

si le champ magnetique est sinusoidal, cette force 

10 electromotrice sera egalement sinusoidale, 

L' invention consiste a collecter les tensions induites 
des conducteurs se deplacant dans un champ magnetique 
controle pour genferer une forme d'onde determinee. 
Dans une machine tournante a courant continu dont le 

15 collecteur est a lames, les balais frottent sur ces 
lames recoltant le courant des conducteurs places devant 
leur p51e respectif . L' ensemble constitue par le 
collecteur et les balais agit comme un redresseur de 
courant mais surtout comme un collecteur spatial. 

20 Lorsque la machine f onctionne en gen^rateur (dynamo) , la 
tension U apparaissant aux bornes de la machine peut 
§tre representee, en fonction de 1' intensity et du sens 
de 1' induction magnetique B, par une droite passant par 
I'origine, dont la pente varie avec la vitesse de 

25 rotation n de I'induit, pour une machine donnee 
(figure 1) . La figure 2 represente la tension induite U 
en fonction d'une induction magnetique sinusoldale 
B = B sin nt, pour differentes valeurs de la vitesse de 
rotation n. 

30 On constate qu'il est possible d'obtenir une tension 
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sinusoidale aux bornes de la machine, de frequence f 
constante, telle que f ~ ^ 

2 71 

independaminent de sa vitesse de rotation n, qui fixe 
5 uniquement 1' amplitude maximum de cette tension induite. 
Le but de la presente invention est de realiser une 
machine tournante produisant une tension electrique 
sinusoidale de frequence constante independante de sa 
Vitesse de rotation, en controlant le champ magn6tique 

10 cree par les bobines magnetisantes de la machine. 

Pour cela, I'objet de 1 * invention est une machine 
tournante generatrice de courant sinusoidal realisee en 
toles metalliques feuillet^es a faible hysteresis, 
alimentee par un dispositif electronique comportant les 

15 circuits suivants : 

- un oscillateur sinusoidal ' de reference delivrant une 
tension pilote a frequence constante; 

- un comparateur recevant d'une part ladite tension 
pilote apres reglage de son niveau de consigne et 

20 d' autre part un signal de mesure de la tension 
induite; 

- un onduleur sinusoidal alimente en puissance a partir 
de la tension induite et delivrant une tension de 
commande; 

25 - un circuit de d^marrage alimente par une batterie et 
delivrant un courant d' excitation a un bobinage 
auxiliaire en phase avec la tension induite, jusqu'a 
ce que celle-ci atteigne sa valeur de consigne; 

- un commutateur bipolaire marche-arr§1: pour 
30 1 'alimentation des circuits par la batterie et la 

fermeture de la boucle de retour de la tension 
induite; 

- une alimentation basse tension a partir de la tension 
induite. 
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3 

D'autres caracteristiques et avantages de !• invention 
apparaitront a la lecture de la description suivante 
d'un exemple particulier de realisation, ladite 
description etant faite en relation avec les dessins 
5 ci-annexes dans lesquels : 

- la figure l est la courbe de la tension induite dans 
la machine, en fonction du champ magnet ique pour deux 
vitesses de rotation; 

- la figure 2 est la courbe de la tension induite dans 
10 la machine, en fonction du temps, en fonction d'un 

champ magnetique B et de la Vitesse de rotation n de 
I'induit, pour deux vitesses de rotation; 

- les figures 3 et 4 sont des representations 
schematiques de la machine tournante selon 

•15 1' invention; 

- la figure 5 est une representation sch^matique du 
dispositif electronique d' alimentation de la machine 
selon 1' invention; 

- la figure 6 est la representation en fonction du temps 
20 des diff§rentes tensions et champs magn^tiques mis en 

jeu dans le dispositif electronique; 

- la figure 7 est un schema electrique du dephaseur 
adapte du dispositif electronique, et 

- la figure 8 est une representation graphique des 
25 courants et tensions aux bornes des elements composant 

le dephaseur. 

Les elements portant les memes references dans les 
differentes figures remplissent les memes fonctions en 
vue des memes r^sultats, 
30 La machine generatrice de courant sinusoidal selon 
1' invention comporte un circuit magnfetique avec son 
enroulement inducteur a excitation indgpendante, et un 
enroulement d'induit. La figure 3 est la representation 
schematique d'une variante de realisation pour laquelle 
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1 'enroulement inducteur est fixe et 1 ' enroulement 
d'induit tournant. Le stator 1, bipolaire sur la 
figure 3 comporte un bobinage magnetisant d* excitation 2 
et le rotor 3, place au centre du stator 1, comporte un 
5 bobinage d ' induit 4 loge dans les encoches 5 
reguliereinent distribuees sur sa peripheries Le 
collecteur 6 est un cylindre centre sur I'axe du 
rotor 3. Une source d'energie mecanique entraine I'arbre 
en rotation et 1 ' enroulement d' induit 4 est connecte a 

10 une charge electrique, alors parcourue par un courant I. 
Pour fonctionner avec un champ magnetique sinusoidal, la 
machine est realisee selon les techniques des machines a 
collecteur a courant alternatif et en particulier est 
construite entierement en toles feuilletees a faible 

15 hysteresis dont la qualite - pertes mesurees en 
Watt /kilogramme fixe le maximum du champ magnetique 
obtenu • 

Chaque pole 7 comporte une bobine 2 ayant un nombre de 
spires magn^tisantes tel que la tension d' excitation de 
20 la machine, U^xc/ s'exprime en Volts par la formule de 
Boucherot : 

Uexc = ^'^^ B.S.N. F (I) 
ou B est le champ magnetique en Tesla; 
S est la surface de la bobine en m^ ; 
25 N est le nombre de spires par bobine; 

F est la frequence de la tension en Hertz. 
Les parametres S, N. et F etant constants, la relation 
(I) devient Uexc = ^.B, avec K = constante. 
Cela.montre que le controle de la tension d' excitation 
30 Uexc suffisant pour etre maitre de 1' induction 

magnetique B, done de la tension induite Uind* 
La figure 4 est une representation schematique d'une 
seconde version, a collecteur electronique, pour 
laquelle les poles magnetiques 7 et le bobinage 
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inducteur 2 sont au rotor et tournent au centre d'un 
stator comportant le bobinage d * induit 4 • 
Les bagues collectrices 8 permettent I'amenee du courant 
aux poles et la fonction du collecteur est assuree par 
5 un codeur angulaire 9 monte sur I'arbre des poles 6 qui 
commande, a travers un circuit logique, un ensemble de 
relais electroniques branches aux memes points que les 
lames de collecteur dans un bobinage d' induit. 
Le collecteur electronique augmente la duree de vie de 

10 la machine en limitant les usures mecaniques et ameliore 
les caracteristiques dynamiques en supprimant les 
frottements balai-collecteur , entre autres avantages. 
La machine tournante selon 1* invention est connectee a 
un dispositif electronique repondant aux 

15 caracteristiques suivantes, etant donne que le controle 
de la machine ne se fait que par le controle de la 
tension d' excitation Uexc- 

Tout d'abord, le dispositif doit generer une onde 
sinusoidale stable de puissance. 
20 Pour cela, le dispositif electronique comporte comme le 
montre la figure 5, un oscillateur sinusoidal de 
reference 10 a grande stability et un onduleur 
sinusoidal 11. 

Ensuite, il doit bloquer toutes les possibilites de. 

25 fonctionnement en courant continu, ainsi que, d*une part 
permettre un fonctionnement autonome de la machine, la 
tension induite Uind prelevee aux bornes de 1 ' induit 
devant alimenter ledit dispositif electronique, et 
d' autre part consommer le minimum d'energie reactive sur 

30 la tension induite. Pour ces trois dernieres raisons, le 
dispositif compr end un dephaseur adapts de puissance 12, 
rfijecteur de courant continu. 

Le dispositif doit egalement maintenir la tension 
induite Uj[j^d constante quelque soit la charge aux bornes 
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de la machine et sa vitesse de rotation dans la plage de 
fonctionnement normal. A cet effet, le dispositif 
electronique est dote d'une boucle de contre-reaction 13 
avec la tension induite Uj^nd- 
5 Enfin, il doit permettre le demurrage du fonctionnement 
autonome de la machine a I'aide seulement d'une source 
basse tension 14 exterieure, telle une batterie, 
exterieure 14 et coraprend done un circuit de 
demarrage 15 alimentant un bobinage auxiliaire 16. 

10 La machine est entrainee mecaniquement par une source 
d'energie 17 - un moteur thermique, une turbine, une 
eolienne..,- Au depart, un commutateur bipolaire 18 
marche-arret est bascule afin d'une part d'autoriser 
1 'alimentation par la batterie 14 des differents 

15 circuits electroniques composant le dispositif et 
d* autre part de fermer une boucle de retour 19 de la 
tension induite prelevee aux bornes de la machine. Un 
circuit d ' alimentation basse-tension 20 recevant en 
entree la tension induite Uind nulle au depart, 

20 delivre en sortie a un circuit de controle 21 un signal 
indiquant 1' absence de tension aux bornes de la machine. 
Le circuit de controle 21 autorise alors 1 ' oscillateur 
sinusoidal de r§ference 10 a piloter, ii travers un 
dephaseur 22 de 90**, un onduleur basse tension 23 

25 delivrant un courant d' excitation laux bobinage 
auxiliaire 16 apres adaptation de la bobine auxiliaire 
par un circuit 32 rendant 1' impedance de cette bobine 
uniquement reelle. Ce bobinage auxiliaire 16, en 
f ournissant 1 ' energie reactive du champ magnetique est 

3 0 destine a creer un champ magnetique alternatif dans la 
machine, tel que la tension induite Ui^d soit plus 
nulle. Les conducteurs de I'induit deviennent alors le 
siege de forces electromotrices recueillies par le 
collecteur. La tension induite est appliqu6e a un 
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circuit d' alimentation de puissance 24 destine a 
alimenter I'onduleur sinusoidal 11. Celui-ci delivre une 
tension dite de commande Ueom ^st en phase avec la 

tension induite Uind- Le circuit dfephaseur 12 doit 
5 dSphaser cette tension de commande Ucom afin que 

le champ magnetique alors obtenu, et qui est par 
definition dephase de 90° en retard sur la tension 
d' excitation du bobinage inducteur 2, soit bien en phase 
avec le champ magnetique produit par le bobinage de 

10 demarrage 16 et vienne ainsi en renforcer 1' amplitude. 
Cette augmentation du champ magnetique entraine une 
augmentation de la tension induite. Lorsque cette 
tension Uind/ prelevee dans la boucle de retour 19 et 
appliquee au circuit d ' alimentation basse tension 20 

15 atteint une valeur predetermin6e suffisante pour 
autoalimenter la machine, le circuit de controle 21 
arrete le processus de demarrage. Ce processus de 
demarrage peut aussi etre arrete par le circuit de 
controle quand le delai initialement prevu est depasse, 

20 signalant un defaut- 

Des lors, 1 'alimentation des circuits electroniques du 
dispositif ne se fait plus a partir de la batterie 14, 
mais a partir de 1 * alimentation basse tension 20 qui 
repoit la tension induite Uind apres reduction par un 

25 abaisseur de tension 30. L' oscillateur sinusoidal de 
reference 10 envoie un signal de consigne dit tension 
pilote, a un circuit comparateur 25 apres reglage du 
niveau de consigne par un circuit 26. Ce comparateur 25 
recjoit d' autre part un signal de mesure de la tension 
%• 3 0 induite Uind# apres reduction de sa valeur par un 

circuit abaisseur de tension 27 dans la figure 5, et 
V envoie ensuite a I'onduleur 11 un signal tel que la 

tension induite Uind recopie la tension Upii a un 
facteur d'echelle d' amplitude pres. Ainsi la machine 
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tournante selon 1 ' invention produit une tension induite 
sinusoidale de frequence constante independante de sa 
Vitesse de rotation en controlant la tension 
d* excitation creant le champ magnetique regnant dans la 
5 machine. 

Lorsque la tension induite est superieure a la valeur de 
consigne, le circuit de controle 21 actionne par 
1 ' intermediaire d'un circuit de commande 29 et d'un 
selectionneur 2 8 place aux bornes de la machine, pour 

10 autoriser 1 ' alimentation du reseau de distribution. 

La figure 6 est la representation en fonction du temps 
de la tension pilote Upii en sortie de 1 ' oscillateur 10, 
de la tension de commande UQom sortie de I'onduleur 
11, de la tension d* excitation U^xc ®" sortie du 

15 dephaseur 12, du champ magnetique cree par Uexc^ 1^ 
tension induite Uj[nd bornes de la machine, de la 

tension U^^x dans le bobinage auxiliaire de demarrage 16 
qui est en quadrature avec le courant d' excitation laux 
qui provoque le champ magnetique B dans le bobinage 16. 

20 On constate 1' importance des phases des signaux pour le 
demarrage de la machine et 1' action du dephaseur 
adapte 12; qui permet une mise en phase de la tension 
induite Ui^d avec la tension de commande U^om/ 
simplif iant ainsi les alimentations et ameliorant le 

2 5 facteur de puissance global. 

Le dephaseur adapte 12 a pour role de fournir I'energie 
reactive du champ magnetique, de bloquer une eventuelle 
composante de courant continu et d ' introduire un 
dephasage tel que la tension induite U^nd/ aux 

30 deplacements du bobinage d'induit 4 dans le champ 
magnetique cree par le bobinage inducteur 2, soit en 
phase avec la tension de sortie Ucom cle I'onduleur 11. 
Cette synchronisation ameliore les caracteristiques 
electriques globales en reduisant les capacites 



wo 93/16521 



PCr/FR93/00144 



reservoirs et simplifie 1 • alimentation de puissance. 
La figure 7 est un schema electrique du dephaseur 12 qui 
se compose d'une inductance en parallele avec la 

tension de commande \Jcov\ sortie de I'onduleur 11, 
5 d'une capacite en parallele avec le bobinage 

inducteur 2 done avec la tension d» excitation Uexc 
d'une seconde capacite C2 en serie avec la capacite c^ 
et reliee a la borne de 1 • inductance Li recevant le 
courant Icom entrant dans le dephaseur. Le circuit 

10 electrique equivalent du bobinage inducteur 2 est 
compose d'une inductance L en parallele avec une 
resistance R representant les pertes magnetiques. Le 
courant d' excitation lexc parcourant le bobinage 
inducteur 2 est egal a la somme des courants II et 

15 parcourant respectivement 1 ' inductance L et la 
resistance R : 



20 



25 



30 



— > — •> 



^exc - ^R + Ic / 
le courant etant en phase avec la tension 

d» excitation Uexc et le courant etant en quadrature 
arriere avec ladite tension Uexc- 

Le courant Ic^ fourni par la capacite Ci, en parallele 
avec ladite tension U^xc est en quadrature avant avec 
ladite tension Uexc le courant I traversant la 
capacite C2 est egal a : 

La tension U^^ aux bornes de ladite capacite C2 est en 
quadrature arriere par rapport au courant I et \Jq est 
calculee de telle sorte que : ^ 



UC2 + Uexc = Ucomi 
^com etant en phase avec le courant II. De plus, cette 
capacite C2 bloque le courant continu. L' inductance Li 
fournit la composante reactive residuelle pour que le 
courant loom entrant dans le dephaseur soit en phase 
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10 



10 



avGC la tension de conunande Ueom- figure 8 est une 

representation graphique des courants et tensions aux 
bornes des elements du dephaseur. On peut remarquer que, 
quelque soit la valeur choisie pour la tension de 
5 commande Ucom/ 1^ produit Ucom ^ ^com sera egal au 
produit Uexc >^ ^R' autrement dit que seule I'energie 
reelle est consommee, les pertes magnet iques etant liees 
a la qualite des toles cotnposant la machine selon 
1 ' invention. 

Ainsi, en f onctionnement normal, la machine selon 
1' invention transforme I'energie mecanique fournie par 
le moteur d» entrainement en une energie eiectrique 
alternative sinusoidale, de frequence constante egale a 
celle de 1 • oscillateur sinusoidal de reference et de 
15 tension constante, independante de la vitesse 
d'entrainement de la machine dans la plage de 
f onctionnement normal, 

Le passage du commutateur bipolaire marche-arret sur la 
position arret interrompt 1 » auto alimentation de la 
machine, done la production eiectrique, meme si 
1 ' entrainement m§canique est maintenu. 



20 
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11 

REVENDICATIONS 



1. Machine tournante generatrice de courant sinusoidal 
comportant un circuit magnetique avec son enroulement 
inducteur a excitation independante et un enroulement 
d'induit, realisee en tSles metalliques feuilletees a 
5 faible hysteresis et entrainee en rotation par une 
source d'energie mecanique, ladite machine etant 
alimentee par un dispositif eiectronique, caracterisee 
en ce que ledit dispositif comporte les circuits 
suivants : 

10 - un oscillateur sinusoidal de reference (10) delivrant 
une tension pilbte (Upn) a frequence constante; 

- un comparateur (25) recevant d'une part ladite tension 
pilote (Upii) apres reglage de son niveau de consigne 
par un circuit (26) et d' autre part grSce a une boucle 

15 de contre-reaction (13) un signal de raesure de la 
tension induite (Uind) /' 

- un onduleur sinusoidal (11) de puissance alimente par 
une alimentation de puissance (24) a partir de la 
tension induite (Uind) delivrant une tension de 

20 commande (Ucom) i 

~ un dephaseur adapte (12) introduisant un dephasage tel 
que la tension induite (Ui^d) soit en phase avec la 
tension de commande (Ucom) ** 

- un circuit de demarrage (15) alimente par une source 
25 basse tension (14) independante delivrant un courant 

d'excitation (laux) ^ un bobinage auxiliaire (16), en 
phase avec la tension induite (Uind)/ jusqu'a ce que 
ladite tension (Uind) attfeigne sa valeur de consigne; 

- un commutateur bipolaire marche-arret (18) autorisant 
30 1* alimentation desdits circuits felectroniques du 
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dispositif par la source basse tension (14) et la 
fermeture de la boucle de retour (19) de la tension 
induite (Uind) ; 
- une alimentation basse tension (20) a partir de la 
5 tension induite, alimentant les circuits electroniques 

du dispositif apres la phase de demarrage, 

2. Machine tournante selon la revendication l, 
caracterisee en ce que le dephaseur adapte (12) se 
compose d'une inductance (L^) en parallele avec la 

10 tension de commande (Ucom) sortie de I'onduleur (11), 
d'une capacite (Ci) en parallele avec le bobinage 
inducteur (2) et d'une capacite (C2) en serie avec la 
capacite (Ci) et reliee a la borne de 1 ' inductance (Li) , 
recevant le courant (Icom) entrant dans le dephaseur, 

15 destinee a bloquer tout courant continu. 

3. Machine tournante selon la revendication 1, 
caracterisee en ce que le circuit de demarrage (15) se 
compose d'un dephaseur (22) de 90^ relie a 1 ' oscillateur 
sinusoidal de reference (10), d'un circuit de contrdle 

20 (21) relie au dephaseur (22) et a 1 'alimentation basse 
tension (20), d'un onduleur basse tension (23) reli§ au 
circuit de controle (21) et delivrant la tension 
d'excitation (Uqux) au bobinage auxiliaire (16), apres 
compensation du cos* par un circuit (32) . 

25 4. Machine tournante selon I'une des revendications 
precedentes, caracterisee en ce qu'un sectionneur (28), 
place aux bornes de la machine, et actionne par un 
circuit de commande (29) pilote par le circuit de 
controle (21), autorise 1 'alimentation du reseau de 

3 0 distribution. 

5. Machine tournante selon I'une des revendications 
precedentes, caracterisee . en ce que le bobinage 
inducteur (2) et le bobinage auxiliaire (16) disposes 
sur le stator (1) du circuit magnetique et le bobinage 
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d'induit (4) est loge dans les encoches (5) du rotor 
(3). 

6- Machine tournante selon I'une des revendications 
1 a 5, caracterisee en ce que le bobinage inducteur (2) 
et le bobinage auxiliaire (16) sont leges sur le 
rotor (3) et tournent au centre du stator (1) comportant 
le bobinage d'induit (4), avec un collecteur 
electronique monte sur I'arbre (6) du rotor. 
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Tpkniskt omrade 

FSreliggande uppfinning avser en elkrattsaniaggning innefattande m.nst en 
5 elektrisk maskin av vaxelstr5mstyp. avsedd att direkt anslutas till ett distributions- 
eller transmissionsnat och innefattande minst en elektrisk lindning. Uppf.nn.ngen 
hanfSr sig ocksa till forfaranden vid en s^dan aniaggning. 

I ippfinninq ens bakarund 
,0 Den elektriska maskin sorn ir.gar i aniaggningen enligt uppfinningen kan va- 

ra savai en roterande elektrisk maskin. sSsom en synkronmaskin. dubbelmatad ma- 
skin. asynkron strfimriktarkaskad, ytterpolmaskin eller synkronflSdesmaskin eller en 
stationar maskin, sSsom transformator och reaktor. 

For att ansluta maskiner av detta slag till distributions- eller transmlssions- 
,5 nat i det foljande gemensamt kallade kraftnSt. har hittills en transformator anvants 
far upptransformering av spanningen till nStnivS. dvs i omridet 130^00 kV. 

Generatorer med en mark.p^nning av upp til! 36 kV Sr beskrivna av Paul R. 
Siedler "36 kV Generators Arise from Insulation Research", Electrical World. 15 
October 1932 sid. 524-527. Dessa generatorer innefattar Hndningar av hOgspan- 
20 ningskabel, van/id isoleringen ^r uppdelad i olika skikt med olika elektricitetskon- 
stanter. Det anvanda isoleringsmaterialet bestir av olika kombinationer av de tre 
komponenterna glimmerblad-glin^mer. lack och papper. 

Det har nu visat sig att genom att framstaila den inledningsvis omnamnda 
lindningen hos maskinen av en isolerad elektrisk hSgspSnningsledare med en fast 
25 isolation av liknande slag som hos kablar f6r kraftOverforing kan maskinens span- 
ning hbjas till sSdana nivSer att maskinen kan direkt anslutas till vilket kraftnat som 
heist utan mellanliggande transformator. Transfomiatom kan sSledes uteslutas. 
Typiskt driftsomrade f6r dessa maskiner ar 30-800 kV. 

Vid konventionella generatorer tas hjaipkraft f6r uppstart och drift av ma- 
30 skinerna liksom fOr stationsbehov. s^som drift av pumpar och dammluckor samt f5r 
uppvaminings- och belysningsandamSI, via transfom^ator frUn generatorkiammorna. 
varvid kiamspanningen da ar mindre an 25kV. I figur 1 visas en fOrenklad overs.kts- 
bild for hjaipkraftsfOrdelning i en kraftstation enligt hittills kand teknik. Fyra alternate 
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va inmatningsvagar till en hjaipkraftsskena 200 visas. TvS generatorer G1, G2 ar 
silunda via varsin transformator 202, 204 anslutna till ett kraftnSt. Avgreningar till 
en hjalpkraftstransformator 206, 208 ligger utanfOr generatorbrytarna 210. 212. Ge- 
nom dessa hjaipkraftstransformatorer 206, 208 avgrenas saledes hjaipkraft till hjai- 
5 kraftsskenan 200. 1 figuren visas ocksa en diselgenerator 218 och matning fr§n t.ex. 
det lokala fGrdelningsnatet, vid 220, sasom ytterligare tva inmatninsalternativ till 
hjaipkraftsskenan 200. FSrdelningen av hjalpkraft fr5n hjalpkraftsskenan 200 sker 
sedan via vaxelstr6msf6rdelningsskenor 222 och likstromsfdrdelningsskenor 224, 
sdsom beskrivs narmare nedan. 
10 I figur 2 visas en modifiering av den i figur 1 visade hjaipkraftsfOrdelningen, 

likaledes utford med fyra inmatningsalternativ. Tvi av inmatningsaltematlven inne- 
fattar generatorer 226, 228 med extra statorlindningar f6r hjaipkraftsgenerering och 
magnetisering 230, 232 respektive 234, 236. Vid b^da utforandena enligt figurerna 
1 och 2 innebar omkoppling mellan olika inmatningsalternativ ett temporart span- 
is ningsavbrott pa hjalpkraftsskenan 2G0. 

Vid konventionella anlSggningar tas saledes hjalpkraft ofta frUn generator- 
kiammorna via transfomnatorer, varvid kiamspanningen ar mindre an 25kV. Typiska 
hjaipkraftsspanningar ar 400V - 690V, 3,3 kV, 6,6kV, 6kV - lOkV. Fran generatorns 
kiamspanning tranformeras s&ledes spanningen ofta till en eller flera av dessa disk- 
20 reta nivaer via minst en transformator ffir hjaipkraften. 

Hjaipkraftsutrustning fGr exempelvis belysning och uppvamining kraver ofta 
en spanning av 380-220 V, varvid kraftsystemet innefattar minst en lokal krafttrans- 
formator f6r nedtransformering av spanningen frin generatorspanning till denna 
hjaipkraftsspanning eller en hjaipkraftslindning kan vara anordnad i krafttransfomna- 
25 torn f6r denna nedtransfomiering. Bada dessa alternativ fdr hjaipkraftsgenerering 
kraver extra utrustning i form av endera en extra transformator eller en komplicerad 
krafttransformatorkonstruktion, vilket ar utrymmeskravande och fdrdyrande omstan- 
digheter i en elkraftaniaggning. 

Ovannamnda problem accentueras vid elektriska maskiner med en kiam- 
30 spanning i intervallet 36-800 kV. 

Syftet med fdreliggande uppfinning ar darfOr att istadkomma en elkraftan- 
iaggning innefattande minst en elektrisk maskin av vaxelstrSmstyp utf6rd for att an- 
slutas direkt till distributions- eller transmissionsnat, vilken kraftaniaggning vidare 
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innefattar hjaipkraftsanordningar for att pi enkelt satt istadkomma erforderlig hjaip- 
kraft. 

j^flmmanfattnina a v uppfmninaen 
5 Detta syfte uppnas med en elkraftanlaggning av inledningsvis angivet slag 

med i patentkravet 1 angivna kannetecken. 

Den isolerade ledaren eller hfigspanningskabeln som anvSnds vid forelig- 
gande uppfinning ar flexibel och bojtig och av det slag som narmare beskrivs i WO 
97/45919 och WO 97/45847. Ytterllgare beskrivning av den isolerade ledaren eller 
10 kabein finns i WO 97/4591 8, WO 97/45930 och WO 97/45931 . 

Sliledes ar, vid anordningen enligt uppfinningen, lindningama f6retradesvis 
av ett slag motsvarande kablar med fast extruderad isolation som i dag anvands for 
kraftdistribution. t.ex. s.k. PEX-kablar eiler kablar med EPR-isolation. En sadan in- 
nefattar en inre ledare sammansatt av en eller flera kardeler. ett ledaren omgivande 
15 inre halvledande skikt. ett detta omgivande fast isoleringsskikt och ett isoleringsskik- 
tet omgivande yttre halvledande skikt. Dylika kablar ar bojiiga vilket ar en vasentlig 
egenskap i sammanhanget eftersom tekniken for anordningen enligt uppfinningen i 
fersta hand baserar sig ett lindningssystem dSr lindningen gors med ledningar 
som bojs vid montering. En PEX-kabei har normalt en bojiighet motsvarande en 
20 krokningsradie pa ca 20 cm f6r en kabel med 30 mm diameter och en krokningsra- 
die pa ca 65 cm fOr en kabel med 80 mm diameter. Med uttrycket bOjlig avses i 
denna ansSkan siledes att lindniogen ar bojiig ned till en krfikningsradie i storleks- 
ordningen 4 ganger kabeldiametem och foretradesvis 8-12 ginger kabeldiametern. 
Lindningen b6r vara utfdrd si att den kan bibehilla sina egenskaper aven 
25 nar den b6js och nar den under drift ut-sattes for temiiska eller mekaniska pakan- 
ningar. Att skikten bibehiller sin vidhaftning vid varandra ar av stor betydelse i detta 
sammanhang. Avg5rande ar har skiktens materialegenskaper. framfdr allt deras 
elastlcitet och deras relativa vamieutvidgningskoefficienter. For exempelvis en PEX- 
kabel ar det isolerande skiktet av tvarbunden lagdensitetspolyeten och de halvle- 
30 dande skikten av polyeten med inblandade sot- och metallpartiklar. VolymfOrand- 
ringar till foljd av temperaturforandringar upptas helt som radiefOrandringar i kabein 
och tack vare den jamforelsevis ringa skillnaden hos skiktens vamieutvidgningsko- 
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efficienter i fSrhSllande till den elasticltet som dessa material har, sd kommer ka- 
belns radiella expansion att kunna ske utan att skikten lossnar fr^n varandra. 

Ovan angivna materialkombinationer ar endast att ses som exempel. Inom 
uppfinningens ram taller naturligtvis aven andra kombinationer som uppfyller de 
namnda villkoren och uppfyller willkoren att vara halvledande, dvs. med en resistivi- 
tet i omradet 10"^ - 10® ohm-cm, t. ex. 1 - 500 ohm-cm. eller 10-200 ohm-cm. 

Det isolerande skiktet kan exempelvis utgdras av ett fast termoplastiskt ma- 
terial sUsom ISgdensitetspolyeten (LDPE), hOgdensitetspolyeten (HOPE), polypropy- 
len (PR), poly-butylen (PB). polymetylpenten (PMP). tvarbundna material sasom 
tvarbunden polyetylen (XLPE eller PEX) eller gummi sSsom etylen-propylengummi 
(EPR) eller sillkongummi. 

De inre och yttre halvledande skikten kan ha samma basmaterial men med 
inblandning av partiklar av tedands material sSsom sot eller metallpulver. 

De mekaniska egenskaperna hos dessa material, fram-f5r allt deras vamie- 
utvidgningskoefficienter, piverkas ganska ringa av om det ar inblandat med sot el- 
ler metallpulver eller ej, dvs i de proportioner som erfordras f6r att uppnS den enligt 
uppfmningen erforderliga ledningsfGmi^gan. Det isolerande skiktet och de halvle- 
dande skikten far damned i stort sett samma varmeutvidgningskoefficienter. 

F6r de halvledande skikten kan aven etylenvinyl-acetatsampolymer/nitril- 
gummi, butylymppolyeten, etylen-akrylat-sampolymer och etylenetylakrylat-sam- 
polymer utgSra lampliga polymerer. 

Aven dS olika slag av material anvandes som bas i respektive skikt ar det 
anskvart att deras varmedutvidgnings-koefficient ar av samma storleksordning. For 
kombinationen av de ovan uppraknade materlalen forhSller det sig pS detta satt. 

De ovan uppraknade materialen har en ganska god elasticitet med en E- 
modul E < 500 MPa, fdretradesvis < 200 MPa. Elasticiteten ar tillracklig fOr att even- 
tuella smarre awikelser hos varmeutvidgningskoefTicienterna fGr materialen i skik- 
ten kommer att upptas i radialriktningen av elastici-teten sS att ej sprickor eller and- 
ra skador uppstlir och si att skikten ej siapper fran varandra. Materialet i skikten ar 
elastiska och vidhaftningen mellan skikten av itminstone samma storleksordning 
som i det svagaste av materialen. 

LedningsfGrmigan hos de bada halvledande skikten ar tillrackligt stor fGr att 
i huvudsak utjamna potentialen langs respektive sklkt. LedningsfGrmigan hos det 
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yttre halvledande skiktet ar pass stor att det yttre halvledande skiktet har tillrack- 
lig ledningsformiga fSr att innesluta det elektriska faitet i kabein, men samtidigt liten 
nog att ej ge aniedning till signifikanta forluster p g a i skiktets langsriktning induce- 
rade strSmmar. 

Vardera av de bida halvledande skikten utgOr sS-ledes vSsentligen en ek- 
vipotentialyta och lindningen med dessa skikt kommer att i huvudsak innesluta det 

elektriska fSltet inom sig. 

Det utesluts naturligtvis inte att ytterligare ett eller flera halvledande skikt 

kan vara anordnade i det isolerande skiktet. 

Enligt en fOrdelaktig utfSringsform av aniaggningen enligt uppfinningen har 
litminstone tvi narbelagna skikt hos maskinens lindning vasentligen lika stora var- 
meutvidgningskoefficienter. Harigenom undviker man skador genom sprickbildning 
eller liknande i det isolerande skiktet. 

Enligt en annan fordelaktig utforingsform av aniaggningen enligt uppfin- 
15 ningen ar namnda skikt anordnade att vidhafta varandra aven d^ den isolerade 
ledaren bQjs. Harigenom sakerstaller man god kontakt hela tiden mellan skikten. 

Enligt andra fSrdelaktiga utforingsfonner av aniaggningen enligt uppfinning- 
en innefattar hjaipkraftsanordningama minst en hjalpkraftskaila, som ar ansluten till 
en, for fordelning av hjaipkraft avsedd hjaipkraftsskena via kraftelektronikutrustning 
20 f6r konstanth^llning av spanningen pi hjaipkraftsskenan. varvid krafteletronikutrust- 
ningen uppvisar ett likspannings-mellanled. till vilket en back-up spanning vid behov 
ar inkopplingsbar. Ett batteri ar harvid lampligen anslutettill likspanningsmellanledet 
for att leverera en fdrutbestamd back-up spanning till likspanningsmellanledet om 
dess spanningsniva sjunker under namnda forutbestamda nivS. Genom denna f6r- 
25 starkning av likspanningsmellanledet kan temporar Overlast hanteras utan att den 
ordinarie matningskailan overbelastas. Aven vid temporara avbrott i den ordinarie 
matningen kan pi detta satt spanning och frekvens uppratthillas pi hjaipkraftsske- 
nan. Pi detta satt kan kraftelektroniken anvandas tillsammans med matningskailor 
sisom synkron-Zasynkrongeneratorer med konstant eller varierande frekvens och 
30 spanning samt tillsammans med transfomnatorer med lampliga nivier pi sekundir- 
spanningen. Hjaipkraftsskenan kan aven matas frin ettflertal parallella matnings- 
kailor. 
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Enligt en annan fOrdelaktig utforingsform av aniaggningen enligt uppfinning- 
en ar kraftelektronikutrustningen anordnad f6r valbar styrning av effektfldde fran 
hjaipkrafts- generator till hjaipkraftsskena elier fran hjSlpkraftsskena till hjalpgenera- 
tor, altemativtfran hjaipkraftslindning i flerlindningsmaskin till hjalpkraftsskena eller 
5 friin hjalpkraftsskena till hjaipkraftslindning i flerlindningsmaskinen. Harigenonn kan 
utrustningen fOr hjaipkraftsgenerering aven anvandas for elektrisk bromsning av 
den elektriska maskinen anda ned til! stopp. Detta ar en vasentlig fordel jamfOrt 
med tidigare kand teknik, vid vilken elektrisk nedbromsning endast ar mOjlig till 5- 
10% av utgingsvarvtalet varpa mekanisk inbromsning erfordras. Enligt fdreliggande 
10 uppfinning behOvs saledes ingen sadan mekanisk bromsutrustning. 

Enligt annu en f5rdelaktig utforingsform av aniaggningen enligt uppfinning- 
en i det fall att den elektriska maskinen ar en synkronmaskin ar hjaipkraftsgenera- 
torns faitlindning kortslutningsbar och dess statorsida matningsbar med en trefas- 
spanning med ett fasiage och en frekvens si att hjaipkraftsgeneratom fungerar som 
15 en asynkronmaskin med rotatlonsriktning for maximalt bromsmoment. Denna asyn- 
krondrift fungerar tills maskinen stir stilla. 

Enligt ytterligare fordelaktiga utfOringsfomner av aniaggningen enligt uppfm- 
ningen ar hjaipkraftsgeneratorns faitlindning kortslutningsbar och minst en stator- 
lindning matningsbar med en likstrdm. Harvid ar med fOrdel en frekvensomriktare 
20 eller en separat tyrlstorstromriktare fQr enkvadrantdrift anordnad att mata statorlind- 

ningen med likstrdm. 

Enligt en annan fSrdelaktig utforingsform av aniaggningen enligt uppfinning- 
en ar hjaipkraftsgeneratom utfSrd med ett f6r frekvensanpassning avpassat poltal. 
Hjaipkraftsskenan kan di ha multipla inmatningar. t ex en direktkopplad inmatning 
25 och en inmatning via en elier tlera frekvensomriktare. Dubbia inmatningar ger moj- 
lighet for vaxling mellan alternativa matningskailor utan spanningsavbrott pi ske- 
nan. 



30 



Kort beskrivnino av ritninaarna 

F6r att forklara uppfmningen nirmare kommer nu sisom exempel valda 
utfOringsformer av aniaggningen enligt uppfmningen att beskrivas mera i detalj med 
hanvisning till figurema 3 - 22 pi bifogade ritnlngar. pi vilka 
figur 1 och 2 visar oversiktsbilder av hjaipkraftsfOrdelningen i en kraftstation enligt 

tidigare kand teknik, 
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figur 3 visar ett schema ever en utforingsform av elkraftaniaggningen enligt upp- 
finningen med olika hjaipkraftskallor fSr matning av en hjalpkraftsskena via 
ett likspanningsmellanled, 
figur 4 visar nSkrmare ett av exemplen I figur 3 f6r att §stadkomma hjaipkraft, 
5 figur 5 visar olika matningsalternativ for magnetiseringen av en eiektrisk maskin vid 
aniaggningen enligt uppfinningen, 
figur 6 illustrerar en principlosning f<3r att §stadkomma hjaipkraft i ett fall med flera 

parallella matningskailor, 
figur 7 visar en modifiering av utforandet i figur 6 vid vilket ytterligare en matnings- 
10 kaila i form av en jordningstransformator med extra sekundarlindning tillfo- 

gats, 

figur 8 visar mera detaljerat ett exempel pS utgingskretsen hos kraftelektroniken 

vid de i de fdregdiende figurerna visade utf6ringsfonnerna, 
figur 9 visar en utfQringsform vid vilken hjaipkraft alstras av en hjaipkraftsgenerator. 
15 vilken aven ar anvandbar f6r eiektrisk bromsning av den elektriska maski- 

nen, 

figur 10 illustrerar ett utf6rande med flera inmatningsmojiigheter till hjaipkraftsske- 
nan, 

figur 1 1 visar ett utforingsexempel med hjaipkraftsfOrdelning med flera spannings- 
20 nivaer, 

figurerna 12 och 13 visar tva exempel p^ kortslutning av faitlindningen hos hjaip- 

kraftsgeneratorn vid brorhsning, 
figur 14 visar en utforingsform av aniaggningen enligt uppfinningen. vid vilken en 
separat hjaipkraftsgenerator anvands vid frekvensomriktarstart, 
25 figur 1 5 en utforingsform vid vilken en separat hjaipkraftslindning anvands vid 
frekvensomriktarstart av en synkronmaskin, 
figur 16 en utforingsform av aniaggningen enligt uppfinningen vid vilken en separat 
hjaipkraftslindning anvands vid frekvensomriktarstart av en synkromaskin 
och vid vilken spanningsanpassning sker med hjaip av en trelindningstrans- 

30 formator, 

figur 17 visar en utforingsform med tvli generatorer med gemensamt firekvensomrik- 

tarutrustning och 
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figur 18 illustrerar en principlOsning fOr hjalpkraftsfGrdelning vid en utforingsform av 

aniaggningen enligt uppfinningen med generatorer med variabelt varvtal. 
figur 19 visaren schematisk perspektivvy av ett diametralt snitt genom en stator hos 

en roterande elektrisk maskin vid en elkraftaniaggning enligt uppfinningen 
figur 20 visar en tvarsnittsvy av en isolerad ledare anvand for lindningar i maskiner 

vid elkraftsanlaggningen enligt foreliggande uppfinning, 
figur 21 visar schematiskt en seWor av en roterande elektrisk maskin vid elkraftan- 

laggningen enligt uppfinningen, och 
figur 22 visar en sektor av statorn nfiotsvarande en tanddelning av den radiella sek- 

torn i figur 21. 

Beskrivnina av foredraana utfQr inosformer 

Figur 3 visar ett schema over en utforingsform av anlSggningen enligt upp- 
finningen innefattande ett antal elektriska maskiner av vSxelstramstyp. sSsom gene- 
ratorer 2. 4. 6 och en transformator 8, vilka ar utfSrda enligt uppfinningen fOr anslut- 
ning direkt till en samlingsskena hog spanning, typiskt i omr^det 40-400 kV och 
via brytare 9 forbunden med kraftnatet. Generatom 2 ar utfomnad med en separat 
hjaipkraftslindning 10 f6r anslutning via kraftelektronik till en hjaipkraftsskena, som 
ligger typiskt pS spanningen 400 V. Kraftelektroniken innefattar ett ingingssteg 12 i 
form av en likriktare 12, som ar inkopplad mellan hjaipkraftslindningen 10 och ett 
likspanningsmellanled 14. Mellan likspSnningsmellanledet 14 och hjSlpkraftsskenan 
ar ett utglingssteg 16 i form av en vSxelriktare samt en transformator 18 anordnade. 
Ingiingssteget 12, likspSnningsmellanledet 14 och utgSngssteget 16 utgCr i princip 
en frekvensomriktare med ett konstant likspanningsmellanled. 

Generatorn 4 uppvisar ett tappningsuttag, som ar anslutet via transformator 
20 och ingSngssteg 22 till likspanningsmellanledet 14 f6r avtappning av hjaipkraft. 

Generatom 6 ar anordnad att driva en separat hjaipkraftsgenerator 24, 
vilken i sin tur ar ansluten till likspanningsmellanledet 14 via ett ingSngssteg 26. 

Slisom ytterligare ett exempel p§ hjaipkraftskaila visas en till samlingsske- 
) nan direktansluten jordningstransformator 8 fdrsedd med en extra sekundarlindning 
28 for uttag av hjaipkraft. Sekundarlindningen 28 ar via ett ingingssteg 30 ansluten 
till likspanningsmellanledet 14. 
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En back-up krets i form av ett batteri 32 ar anslutet till likspSnningsmellan- 
ledet 14 via en halvledarventil 34, som blockerar kretsen under normal drift, och ett 
motstand 36. 1 det fall att ingangsstegens 12, 22, 26, 30 ordinarie matningskailor Sr 
begransande for konstanthSllning av frekvensomriktarnas utspanning vid temporSra 
overlaster och temporara avbrott i matnlngen trader back-up kretsen 32, 34, 36 i 
funktion och upprStthiller konstant spanning pS likspanningsmellanledet 14. Hari- 
genom undviker man att matningskallan eller -kallorna overbelastas vid temporar 
overbelastning eller avbrott. Back-up kretsen 32. 34, 36 tjanar siledes som forstark- 
ning av likspanningsmellanledet 14. 

Vid systemlosningar med flera parallella inmatningar, sasom den i figur 3 
visade matningen av likspanningsmellanledet 14 kan aven utrustningar f6r last- 
delning ingS. 

Vid maximalt tillSten strdm i inmatningen skall nivSer pa ingangsstegens 12, 
22, 26. 30 utspanning, dvs spanningen p^ likspanningsmellanledet 14. underskrida 
nivin f6r back-up kretsens 32, 34, 36 backupspanning, vilken silunda da inkopplas. 

Aven hjaipkraftsskenan uppvisar exempel pa flera parallella inmatningar, 
namligen, fOrutom inmatningen 16, 18 frin likspanningsmellanledet 14, en diesel- 
driven generator 38 och en via transformatorn 40 ansluten extern matningskaila. 

Figur 4 visar narmare en utforingsfonn med en elektrisk maskin i form av en 
synkronmaskin 42 med en extra hjalpkraftslindning 44. Spanningen frin hjaipkrafts- 
lindningen 44 likriktas i kraftelektronikens inglingssteg 46. Kraftelektronikens 48 
likspanningsmellanled flir ett lastberoende spanningsvarde ULS. vilket visualiseras 
som en konstant spanning U minus ett lastberoende spannlngsfall AURL Over mot- 
stdndet R1 och induktansen L. 

Till likspanningsmellanledet 50 ar ocksH en back-up krets i form av ett 
batteri 52, en halvledarventil 54 och ett motstind 56 ansluten, sSsom beskrivits 
ovan i anslutning till figur 1 . 

Vid maximalt tillSten strom Imax i matningskretsen 58 frin hjaiplindningen 
44 underskrider spanningsnivin ULS pa likspanningsmellanledet 50 nivin pa back- 
up spanningen UB frSn back-up kretsen 52, 54. 56, varvid denna inkopplas via halv- 
ledarventilen 54. 

Back-up kretsen underhillsladdas via motstindet 56 och kretsen blockeras 
under nomnal drift med hjaip av halvledarventilen 54. 
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I fallet med konstant spanning och frekvens kan ingSngssteget 46 realiseras 
med en traditionell diodbrygga och det iastberoende spanningsfallet AURL astad- 
koms med hjalp av motstandet R1 och induktansen L. Vid systemlosningar dar mat- 
ningsspanningen kan variera savai till niva som till frekvens realiseras engangsste- 
5 get 46 lampligen med hjalp av styrbara halvledarelement och spanningsniv^n ULS 
pa likspanningsmellanledet 50 anpassas still aktuell driftsituation genom strOmstyrd 
spanningsreglering. Underhallsladdning av back-up kretsens batteri 52 sker med 
konventionell utrustning f6r batterlladdning och halvledarventilen kan ersattas med 
t ex en tyristorswitch med tandkrets for kontrollerad aktivering av back-up kretsen. 
,0 I kraftelektronikens 48 utgangssteg. innefattande en vaxelriktare 60 och 

transformator 62. sker en spanningsomvandling och filtrering av Overtonshalten. 
sasom beskrivs namiare nedan i anslutning till figur 8. 

Hjaipkraftsf6rdelningen innefattar normalt en vaxelspSnningsskena 64 och 
en eller tvli likspanningsskenor 66, 68. Likspanningsskenoma 66. 68 matas dels 
,5 fran batteri 70. 72 och dels via omriktare 74. 76. Omriktaren 74. 76 kan matas frSn 
vaxelspanningsskenan 64, alternativt frl»n kraftelektronikens 48 mellanled 50. 

I figur 5 visas ett utfdrande liknande det i figur 2 med ollka matningsaltema- 
tiv for maskinens 42 magnetisering. Som matningskaila f6r magnetiseringen utnytt- 
jas den extra hjaipkraftslindningen 44. Harvid ar det av vikt att maskinens 42 fait- 
20 lindning 74, alternativt matarfaitet, ar galvaniskt separerat frin magnetiseringsut- 

rustningens matningskaila. 

Magnetiseringen kan ske med hjalp av traditionell strGmriktarutrustning. 
varvid man i stailet f6r hjaipkraftslindningen 44. kan utnyttja en separat synkron- 
maskin eller pemianentmagnetgenerator 76 eller matning frSn hjaipkraftsskenan 64. 
25 Altemativt kan magnetiseringen ske fran likspanningsmellanledet 50 med 

hjaip av en chopperkoppling 78 med galvanisk separation av in- och utmatning. 

Vilken typ av matning man vaijer for maskinens 42 magnetisering beror i 
forsta hand pi hur kraftig magnetisering man Onskar. I allmanhet vaijer man inte 
matning friin hjaipkraftsskenan 64 i de fall att kraftig magnetisering 6nskas. 
30 I figur 6 visas en utforingsform liknande den i figurema 2 och 3, vid vilken 

hjaipkraft inmatas till likspanningsmellanledet 50 genom flera parallella inmatningar, 
58. 78. 80. Tvi matningsalternativ far maskinens 42 magnetisering, namllgen frin 
hjaipkraftslindningen 44 och frin likspanningsmellanledet 50. visas likaledes i figu- 
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ren. Vid krav pa redundans ar del lampiigt att tva alternativ fOr magnetiseringen ut- 
nyttjas. 

Vid det i figur 6 visade utforandet innehaller saledes kraftelektroniken flera 
parallella englingssteg 58, 78, 80. Vid krav pa galvanisk separation mellan nnat- 

5 ningskallorna kompletteras respektive ingingssteg med en transformator. I det fall 
att strombegransning erfordras f6r skydd av en eller flera matningskallor ar indivl- 
duell stromstyrd spanningsreglering av respektive Ingingssteg nOdvSndig. I detta 
utfOrande kan ing^ngskretsarna fr^n de olika matningskailoma matas med s§vai 
varierande spanningsniva som varierande frekvens. 

10 I figur 7 visas ytterligare en utforingsform med flera parallella inmatningar till 

likspanningsmellanledet 50 s^som i figur 6. varvid en av inmatningskailorna innefat- 
tar en jordningstransformator 82 med extra sekundar lindning 84. 
Jordningstransformatorns 82 primara uppgift ar att Sstadkomma en konstgjord noll- 
punkt f6r systemjordning fOr eliminering av cirkulerande trejetonsstrommar vid drift 

15 av en eller flera parallella generatorer 42, 86. 88 och dels att begransa nollpunkts- 

strSmmen vid externa fel. 

I figuren visas tvii alternativa matningsalternativ fran transfomriatorn 82, ALT 
1 respektive ALT 2. Vid ALT 1 sker rnatningen via likspanningsmellanledet 50, me- 
dan i ALT 2 hjaipkraftsskenan 90 matas direktfrSn jordningstransfonnatorns 82 
20 sekundarlindning 84. Harvid kravs att spanningen fr§n sekundarlindningen 84 ar 
anpassad till spanningen pa hjaipkraftsskenan 90. 

I figur 8 visas mera i detalj ett utfSringsexempel pli kraftelektronikens hu- 
vudkrets. Innefattande ing^ngssteg inkopplade mellan en matningskaila och lik- 
spanningsmellanledet 50, som tjanar som summeringspunkt. Till likspannings- 
25 mellanledet 50 ar, sSsom beskrivits ovan, en back-up krets av batteri 52, halvledar- 
ventil 54, och motstSnd 56 ansluten och mellan likspanningsmellanledet 50 och 
hjaipkraftsskenan ar ett utgSngssteg inkopplat for spanningsomvandling och filtre- 
ring av dvertoner. IngSngsstegen, som huvudsakligen Sr avsedda f6r likriktning av 
spanningen frin matningskailan, liksom utg^ngssteget, avsett for vaxelriktning. ar i 
30 sig tidigare kanda och beskrivs ej i detalj. 

Figur 9 visar en utforingsform av aniaggningen enligt uppfinnlngen, vid 
vilken utrustningen f6r hjaipkraftsgenerering aven kan anvandas f6r elektrisk 
bromsning av maskinen, varvid bromsverkan fungerar anda ned till stillestSnd. 
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Aniaggningen innefattar salunda en elektrisk maskin 92 med borstl5s mag- 
netisering samt en hjaipkrafts-generator 94. likaledes med borstlOs magnetisering. 
Hjaipkraftsgeneratorn 94 ar via frekvensonnriktare 96 ansluten till en hjaipkraftsske- 
na 98. Till hjaipkraftsskenan 98 kan aven andra matningskailor, sisom en extern 
kaila, vid 100 eller en dieselgenerator 102, vara ansluten. 

F5r magnetisering av maskinen 92 och hjalpkraftsgeneratorn 94 ar en ge- 
mensam roterande magnetiseringsutrustning 104 inrattad. Denna magnetiserings- 
utrustning innefattar en pennanentmagnetgenerator 106 samt likriktarelement, si- 
som tyristorbryggor 108, 1 10 f6r matning av generatorernas 92, 94 faitlindningar 
112, 1 14. Tyristorbryggorna 108, 1 10 ar styrda fr^n en stationar regulatoranordning 
1 16 via varsin enhet for tradlos kommunikation. Vardera kommunikationsenheten 
innefattar en med regulatoranordningen 116 fQrbunden, stillastliende sandar- 
och/eller mottagarenhet 118 och en vid den roterande magnetiseringsutrustningen 
anbringad mottagar- och/eller sandarenhet. 

I figur 9 ar ocks^ en fSrbindelse 122 antydd mellan maskinen 92 och regu- 
latoranordningen 116, varigenom maskinens 92 utspanning kan regleras genom 
reglering av magnetiseringen. Vidare ar en fSrbindelse 124 antydd for matning av 
natspanningen, vilken erfordras fOr maskinens 92 infasning. 

Utrustningen for hjaipkraftsgenerering innefattar i detta utfQrande frekvens- 
omriktarutrustning 96 for flerkvadrantdrift och kan anvandas fSr elektrisk bromsning 
av maskinen 92. Bromsverkan astadkoms genom kortslutning av hjaipkraftgenera- 
toms 94 faitlindning 114 och matning av dess statorsida med en trefasspdnning 
med ett fasiage och en frekvens som m6jligg6r att hjalpkraftsgeneratorn 94 (syn- 
kronmaskin) fungerar som en asynkronmaskin med rotationsriktning fSr maximalt 
bromsmoment. Asynkrondriften kan fortga tills maskinen 92 star helt stilla. Detta 
beskrivs mera i detalj nedan i anslutning till figur 12. 

Bromsverkan kan aven ^stadkommas genom kortslutning av hjaipgenera- 
torns 94 faitlindning 114 och matning av dess statorlindning med likstrSm, vilket 
beskrivs narmare nedan I anslutning till figur 13. 

Avgdrande for hur hjaipkraftsgeneratom 94 kan anvandas fOr bromsning ar 
hur Idnge den kan dverbelastas utan att skadas. 

I figur 10 visas ett exempel pa flera inmatningsmOjIigheter till hjaipkraftsske- 
nan 126. FSrutom t ex en extern matnlngskaila 128 och dieselgenerator 130, visas 
tvS generatorer 132, 134, vilka delar pa en gemensam frekvensomriktarutrustning 
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136 Vilken i tur och ordning kan koppla hiSlpkraftsgeneratorema 132. 134 till hjaip- 
Krafisskenan 126. Altemativt kan hjalpgeneratorema 132. 134 kopplas direkt (v,a 
trensformator 138) till hiSlpkraftsskenan 126. SSval matning via frekvensomnktare 
136 som direktinkopplad matning fr4n hialpgeneratorerna 132. 134 ar sSledes m8,- 

5 llg liksom alternativa matningar 128, 130. 

I flgur 1 1 Visas en utfaringsform med hjaipkraftsfSidelning med flera span- 
ningsniviier. Generatorema 140. 142 kan sSlunda vara direkt ansLtna till en 6 kV 
nlva oct, dels via transtom^atorer 144. 146 med extra sekundamnjer. dels direkt 
med hiaipkraftsskenan 150, dels via frekvensomriktarutrustning 148. Hjaipkrafts- 
,„ Skenan ligger typlskt pa 0.4 kV och matar via omriktare 152. 154 likspanningsske- 
nor 156, 158. p4 satt som beskrtvits ovan, men aven andra och eventuellt flera 
spanningsnivSer kan farekomma. 

Figur 12 illustrerar narmare principen for kortslutning av hjalpkraftsgenera- 
torns 160 faitlindnlng 162 vid bromsdrift. Faltlindningen 162 ar s4lunda ansluten til 
,5 magnetlserlngsutrustnlngen 164 via en tyristorkortslutere 166 innefattande tva mo- 
triktade tyrlstorer 168, 170 med tilihorande tandkretsar 172. 174. Generatorns 160 
statorsida matas med vaxelspanning via frekvensomnktare 176 med fasiage och 
frekvens sS att masklnen fungerar som en asynkronmaskin med rotatlonsriktning for 

maximalt bromsmoment. 

I flgur 13 visas ett altemativt utforande. vld vilket generatom 160 pS stator- 
sidan matas med llkspanning fran en tyristorstrfimriktare 178. P* detta satt realise- 
ras saiedes en motst-Omsbroms.wars bromsverkan realiseras med likspanning. 

1 figur 14 visas en utforingsform av aniaggningen enligt uppfinningen vid 
vilken en separat hjalpkraftsgenerator G2 anvands som startmotor. Hjaipkraftsgene- 
„ ratom G2 drivs av den elektriska masklnen G1 . vilken ar direkt ansluten till kraft- 
natet Hiaipkraftsskenan 240 llgger typlskt p4 en spanning av 0.4 kV och uppvisar 
„e inmatnlngsaltemaflv. namligen en dlselgenerator Gd, en inmatnlng frin en ex- 
tern matnlngskaila 241 via en transfomiator T2, och den separata hjalpkraftsgene- 
ratom G2. som ar ansluten till hiaipkraftsskenan 240 via en transfom«tor T1 ft.r 
30 spannmgsanpassnlng. Vid tldpunkten for start av masklnen G1 Oppnas brytama 
CB1 CB2 och CBS. Hiaipkraftsskenan 240 spanningssatts via en av de nSmnda 
matnlngsaltematlven Gd. 241 . Under Aden fOr startfarloppets fOrsta steg ar bnrtaren 
CB4 sluten och bnrtaren CBS oppen. vilket innebar att frekvensomHktaren FC ar 
direkt kopplad All hiaipkraftsgeneratom G2. Under tkJen for ett andra steg av start- 
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ferloppet ar brytaren CB4 6ppen och brytaren CBS sluten. Under startfbrloppet ma- 
tas hjaipkraftsgeneratorns G2 magnetiseringsutrustning EXC frlin hjSlpkraftsskenan 
240 via transformatorn T3. Efter infasning av maskinen G1 i motordrift sker om- 
koppling till ordinarie magnetiseringsmatning och hjaipkraftsskenan 240 spann.ngs- 
5 satts frin det yttre natet genom matning via maskinen G1 och hjaipkraftsgeneratom 
G2. Brytaren CB1 sluts och Svriga hjalpsystem kan startas. 

I figur 15 visas en altemativ utforingsfomn av aniaggningen enligt uppfm- 
ningen vid vilken en separat hjalpkraftslindning 242 hos maskinen G1 anvands vid 
start. Pa liknande satt som vid den i figur 14 visade utfQringsformen har hjalpkrafts- 
,0 skenan 240 tre inmatningsaltemativ. av vilka en matningskalla ar den separata 
hjaipkraftsllndningen 242 hos maskinen G1 . vilken matar hj^lpkraftsskenan 240 v.a 
transfomiatom T1 fOr spanningsanpassning. StartfOrloppet ar det samma som v.d 
den i figur 14 visade utfSringsformen och efter infasning av maskinen G1 i motordrift 
sker omkoppling till ordinarie matning av magnetiseringsutrustningen EXC och 
,5 hjaipkraftsskenan 240 spSnningssatts frlin det yttre natet genom maskinen G1 och 
dess hjalpkraftslindning 242. Efter infasning av synkronmaskinen G1 kan denna ha 
foljande samtida driftmoder: En synkronmotormod for drivning av tex. en turb.ndel . 
luft eller vakuum, en synkronkompensatormod for generering av reaktiv effekt for 
spanningsh^llning och en transformatormod for nedtransformering och 6verf6r.ng 
20 av sSvai aktiv som reaktiv effekt till hjalpkraftsskenan. 

Figur 16 visar en modifiering av utfQringsformen i figur 15. vid vilken en tre- 
iindningstransformator 244 ar ansluten till maskinens G1 hjalpkraftslindning 242. 
Via trelindningstransfomiatorns 244 ena sekundarlindning och transfomnatom 243 
matas hjalpkraftsskenan 240 medan trelindningstransfomiatorns 244 andra sekun- 
2s darlindning anvands far magnetisering av maskinen G1 . StartfSrIoppet liksom den 
nomiala driften sker pi analogt satt som vid utfOringsformen enligt figur 15. 

I figur 17 visas en utforingsform av aniaggningen enligt uppfinningen med 
tvi maskiner eller generatorer 246, 248 med gemensam frekvensomriktarutrustning 
FC far start. Vardera generatom 246. 248 innefattar en extra hjalpkraftslindning 
30 250 252 far matning av hjalpkraftsskenan 254 pa analogt satt som vid utfanngs- 
fomien enligt figur 15. Hjalpkraftssystemen kan sammankopplas med brytaren CB7 
och hjaipkraftslindningama separeras fran respektive hjalpkraftsskena 254 med 
hjaip av brytama CB1 respektive CB4. 1 figuren visas vidare turbindelar ST1 och 
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ST2 anslutna till maskinerna 246. 248 via varsin koppling C1 . C2. F6r 6vrigt fun- 
ktionen av den i figur 17 visade utforingsformen densamma som v.d utfonngs- 

formenenllgtfigur 15. 

I figur 18 illustreras ytterligare en princip for hjaipkraftsfSrdelning v.d van- 

5 abelt van/tal hos anlSggningens maskiner 256. 258. Hjaipkrattsf6rdeln.ngen pi sta- 
tionsniva kan spanningssattas via en av fyra alternativa inmatningsvagar. naml.gen 
fran endera maskinen 256 eller maskinen 258. eller frSn en diselgenerator 260, eller 
fran en extern matningskaila 262. Vid start av maskinen 258 spanningssatts hjalp- 
kraftsfSrdelningen fOr maskinen 258 temporart via hjaipkraftsfordelningen f6r sta- 

.0 tionsnivi. varvid den ordinarie inmatningen fran maskinen 258 6ppnas innan span- 
ningsattningen sker. Efter start och spanningsuppbyggnad sker omkoppling t,ll ordi- 
narie matning. det vill saga maskinen 258 producerar sin egen hjaipkraft. Konstant 
varvtal p& pumpdrifter och dylikt vid variation i matande natets spanning och fre- 
kvens uppratthills med hjaip av integralmotorer 264. Till hjaipkraftsfSrdelningen pi 

,5 stationsnivi ar likspannlngs- och vaxelspanningsfardelningsskenor anslutna pi satt 
som beskrivits ovan. Den prioriterade vaxelspanningsfordelningsskenan matas via 
frekvensomriktare 266.268 med konstant llkspanningsmellanled 270 och batten 

back-up 272, sisom beskrivits ovan. 

Ett flertal modif.kat.oner av de ovan visade och beskrivna utfonngsex- 
20 emplen ar sjalvfallet mojiiga inom uppfnningens ram. Salunda kan sivai hjaipkrafts- 
generator som maskin magnetiseras med hjaip av statlsk matare eller borstiesa 
matare med diodlikriktare. Vidaraican sjalvfallet anpassning och koppllngsautomafk 
mellan hjaipkraftsgeneratorer och hjalpkraftsskenor reallseras pi flera ol.ka satt. 
Startmetoder och principer kan variera fran anlaggning till aniaggning och . en del 
25 fall kan frekvensomriktaren matas f6r start frin en separat matningskaila. eventuellt 
frin en separat dieselgenerator. 

Ledningarna och 6vrig utrustning f6r hjaipkraftsgenerering kan aven anvan- 
das fer savai elektrisk bromsning som frekvensomriktarstart av maskinerna. 

rigur 1 9 visar en del av en elektrisk vaxelstr5msmaskin av den typ som in- 
30 gir i aniaggningen enligt uppfinningen. Rotorn har tagits bort for att lattare visa hur 
statorn 1 ar uppbyggd. Statorns 1 huvuddelar ar en statorstomme 25. en statortcar- 
na 3 innefattande statortander 27 och en statorrygg definierande ett yttre ryggparti 
5 Vidare innefattar statorn en. av en isolerad ledare bildad statoriindning 29 place- 
rad i ett cykelkedjefomiat utrymme 7. aven kallat spir. se figur 21, bildat mellan var- 
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je enskild statortand 27. Statorlindningen 29 ar i figur 21 endast markerad med dess 
ledare. Som framgar av figur 19 bildar statorlindningen 27 ett s k harvSndspaket 31 
vid statoms 1 b§da sidor. Av figur 21 framgSr dessutom att den Isolerade ledaren ar 
trappad i flera dimensioner beroende pi dess radiella lage i statorn 1. 

5 Statorstommen 25 utgOrs vid storre konventlonella maskiner ofta av en 

svetsad stIilplStskonstruktion. Statorkarnan 3, aven kallad plitkarnan, Sr normalt vid 
stdnre maskiner utformad av 0,35 mm s k elplat uppdelad i paket med en axiell 
langd av omkring 50 mm skilda fran varandra med mellaniagg bildande 5 mm venti- 
lationskanaler. Vid en maskin av det siag som ingar i anlSggningen enligt fcSreliggan- 

10 de uppfinning ar ventilationskanalerna dock eliminerade. Konstmktionen av varje 
plitpaket g6rs vid storre maskiner genom att lampligt stora stansade piStsegment 9 
lagges ihop till ett forsta skikt, varvid varje efterfdijande skikt korsiagges for upp- 
byggnad av en fullstandig skivfomnad del av en statorkarna 3. Delarna och mellan- 
laggen sammanhSlles med tryckskanklar 33 som presses mot. ej visade, tryckring- 

15 ar, tryckfingrar eller trycksegment. Endast tvi tryckskanklar har utritats i fig. 19. 

I figur 20 visas en tvarsnittsvy av en isolerad ledare 1 1 , avsedd att anvan- 
das i llndningarna vid maskinen eller maskinerna i aniaggningen enligt foreliggande 
uppfinning. Den isolerade ledaren 1 1 innefattar ett antal kardeler 35 med cirkuiart 
tvarsnitt av exempelvis koppar (Cu). Dessa kardeler 35 ar anordnade i mitten av 

20 den isolerade ledaren 1 1 . Runt kardelerna 35 ar anordnat ett forsta halvledande 
skikt 13. Runt det fSrsta halvledande skiktet 13 finns anordnat ett isolationsskikt 37, 
t ex PEX-isolation. Runt isolationsskiktet 37 finns anordnat ett andra halvledande 
skikt 15. Den isolerade ledaren ar bojlig och bibehiller den egenskapen under hela 
sin livsiangd. De tre skikten ar utforda sa att de vidhaftar varandra aven di den iso- 

25 lerade ledaren bojs. Den isolerade ledaren har en diameter i intervallet 20 - 250 mm 
och en lednlngsarea I intervallet 80 - 3000 mm . 

Figur 21 visar schematiskt en radiell sektor av en maskin med ett plStseg- 
ment 9 av statorn 1 samt med en rotorpol 39 pa maskinens rotor 17. Vidare framgir 
att statorlindningen 29 ar anordnad i det cykelkedjefomiade utrymmet 7 bildat mel- 

30 Ian varje statortand 27. Varje statortand 27 stracker sig radiellt in^it friin det yttre 
ryggpartiet 5. 

Figur 22 visar en sektor motsvarande en tanddelning av den radiella sektorn 
i figur 21 med statorlindningen 29 i spiret 7, vilket ar utfOrt i tre steg med det radiellt 
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sett innersta steget uppvisande den minsta diametern och det radiellt sett yttersta 
steget med den storsta diametern. Varje steg fSrsett med fyra lindningsvarv var- 
dera. SpSret 7 har en botten 41 vid dess yttersta radie och en topp 21 vid dess in- 
nersta radie. Utferingsformen i figur 22 visar en hjalpkraftslindning 43 anordnad i en 
kanal 23 placerad i anslutning till sparets botten 41 genom vilken hjaipkraftslind- 
ningen 43 ioper. Vidare ^r kanalen 23 med dess hjalpkraftslindning 43 radiellt pla- 
cerad i forhillande till statorlindningen 29. Den fullstandlga hjalpkraftslindningen er- 
hSIIes genom att lampligt antal spSr 7 ar forsedda med kanaler 23 i splirens botten 
20, sa att ISmpligt antal lindningsvarv erh^lles beroende pli dnskad hjalpkraftsspan- 
ning. Placeringen enligt figur 22 innebar fcJrdelar vad galler monteringen av lind- 
ningen. Vidare innebar placeringen lagre forluster 1 extralindningen samt att ISckre- 
aktansen f6r huvudlindningen inte okar. Hjalpkraftslindningen utfOres pS samma 
satt som huvudlindningen men med betydligt farre varv vilket ger en lagre kiam- 
spannlng. Effektuttaget fran hjalpkraftslindningen ligger i intervallet n§gra enstaka 
kW upp till ca 25% av maskinens totala effekt. Hjalpkraftslindningen utgSrs siledes 
av den effektmassigt sett mindre iindningen och ar placerad i botten av spdret 7. 

Hjaipkraftspanningen f6r stationsbehovet ar bestamd till vissa varden, ex- 
empelvis 400V-690V-3kV. 3kV-6,6kV eller lOkV, men beroende pi primara kon- 
struktionsparametrar hos generatorkonstruktionen kanske dessa bestamda span- 
ningsnivier inte direkt kan erhallas varfor dimensioneringen av hjalpkraftslindningen 
gors for att ansluta sa nara som mGjIigt till dessa varden for att en transformering till 
dessa varden skall kunna goras med en fdrhillandevis enkel transformator. 

Den i figur 22 visade utforingsformen av en hjalpkraftslindning utgOr endast 
en mdjiig IGsning av llndningens placering. Lindningen kan aven placeras i spirets 
topp 21 eller nigonstans langs spSret. Dessutom kan ett spir vara fOrsett med mer 
an ett lindningsvarv. Vidare behover inte varje spir vara forsett med hjalpkraftslind- 
ning utan exempelvis vartannat eller vart tredje spar kan vara forsett med lindning- 
en. Siledes kan inom ramen fGr uppfinningen en mangd varianter av utforingsfor- 
mer vaijas beroende pa generatorns konstruktlonsparametrar samt den onskade 
hjaipkraftsspanning for stationsbehovet. Den gemensamma namnaren fGr samtllga 
utfOringsformer ar att generatom ar fSrsedd med en statorlindning av hogspanning- 
styp samt att hjalpkraftslindningen ar fdrlagd i eller i anslutning till sparet. Med "i 
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anslutning till" spSret avses att splirutrymmet 7 har fOrbindelse med kanalen 23 for 

hjalpkraftslindningen 43. 

Statorn innefattar saledes atminstone ett lindningssystem som hjaipkrafts- 
lindning av fast isolerade ledare av det ovan beskrivna slaget. placerade och arran- 
gerade si att de lankar sa mycket magnetiskt flode att den inducerade spanningen 
lampar sig fSr direkt inkoppling pS distributions- eller transmissionsnat. dvs typiskt 
36kV - 800kV. 
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1 . Elkraftsaniaggning innefattande minst en elektrisk maskin (2. 4. 6, 8) av 
vaxelstrOmstyp. avsedd att direkt anslutas till ett distributions- eller transmissionsnat 

5 och innefattande minst en elektrisk lindning, kannetecknad av att maskinens (2. 4, 
6, 8) lindning innefattar minst en elektrisk ledare (35), ett ledaren omslutande forsta 
skikt (13) med halvledande egenskaper, ett det ffirsta skiktet omslutande fast isole- 
rande skikt (37) och ett det isolerande skiktet omslutande andra skikt (15) med halv- 
ledande egenskaper samt att hjalpkraftsanordningar (10, 12, 14, 16. 18, 20, 22, 24. 

10 26. 28. 30. 32. 34, 36. 38, 40) ar inrSttade att astadkomma erforderllg hjaipkraft. 

2 . Aniaggning enligt krav 1 . kannetecknad av att potentialen pa det ffirsta 
skiktet ar vasentligen lika med potentialen pS ledaren. 

3 . Aniaggning enligt krav 1 eller 2, kannetecknad av att det andra skiktet ar 
anordnat att bilda vasentligen en ekvipotentialyta, omgivande ledaren. 

15 4 . Aniaggning enligt krav 3, kannetecknad av att det andra skiktet ar anslutet 
till en fOrutbestamd potential. 

5 . Aniaggning enligt krav 4, kannetecknad av att namnda fOrutbestamda po- 
tential ar jordpotential. 

6 . Aniaggning enligt nigot av foregSende krav, kdnnetecknad av att Stmlns- 
20 tone tvS narbeiagna skikt hos maskinens lindning har vasentligen lika stora varme- 

utvidgningskoefficienter. 

7 . Aniaggning enligt nigot av fSregaende krav, kannetecknad av att ledaren 
innefattar ett antal kardeler, av vilka atminstone n^gra ar i elektrisk kontakt med 
varandra. 

25 8 . Aniaggning enligt nigot av foregaende krav, kannetecknad av att vart och 
ett av namnda tre skikt ar fast forbundet med nartselagna skikt langs vasentligen 
hela aniiggningsytan. 
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Anldggning enligt niigot av fdregeiende krav, kannetecknad av att namnda 



skikt ar anordnade att vidhafta varandra aven da den isolerade ledaren bdjs. 

10 . Elkraftsaniaggning innefattande minst en elektrisk maskin av vaxelstrGms- 



typ, avsedd att direkt anslutas till ett distributions- eller transmissionsnat och inne- 
5 fattande en magnetisk karna och minst en elektrisk lindning, kannetecknad av att 
lindningen ar bildad av en kabel innefattande en eller flera stromforande ledare, 
varvid varje ledare uppvisar ett antal kardeler, ett inre halvledande skikt anordnat 
runt varje ledare, ett isolerande skikt av fast isolationsmaterial anordnat runt namn- 
da inre halvledande skikt, och ett yttre halvledande skikt, anordnat runt de isoleran- 
10 de skiktet, samt att hjalpkraftsanordningar ar inrattade att astadkomma erforderlig 
hjalpkrafl. 

11 . Aniaggning enligt krav 10, kannetecknad av att namnda kabel innefattar en 



12 . Aniaggning enligt nagot av kraven 1-11, kannetecknad av att den elektris- 
15 ka maskinen ar en roterande elektrisk maskin samt att statorn ar forsedd med minst 

tva lindningar utforda for olika spanningar, varav en lindning ar anordnad som hjaip- 
kraftslindning for generering av hjalpkraft. 

13 . Aniaggning enligt krav 12, kannetecknad av att hjalpkraftslindningen inne- 
fattar minst en elektrisk ledare, ett ledaren omslutande forsta skikt med halvledande 

20 egenskaper, ett det forsta skiktet omslutande fast isolerande skikt, och ett det isole- 
rande skiktet omslutande andra skikt med halvledande egenskaper. 

14 . Aniaggning enligt krav 12 eller 13, kannetecknad av att den ena statorlind- 
ningen (6) ar dimensionerad for spanningar i intervallet 36kV - SOOkV medan hjalp- 
kraftslindningen (22) ar dimensionerad for spanningar i inten/allet 400V - 20kV. 

25 15 . Aniaggning enligt nagot av kraven 12-14. kannetecknad av att hjalpkrafts- 
lindningen (22) ar dimensionerad for att leverera spanning inom nSgot av foljande 
diskreta spanningsomraden: 380-420 V, 650-725 V, 3,1-3,5 kV, 6.2-7,0 kV eller 9.5- 
10.5 kV. 



mantel. 
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1 6 . Aniaggning enligt nigot av kraven 12-14. kSnnetecknad av att hjSlp- 
kraftslindningen (22) dimensionerad f6r att leverera en spanning vilken ar anord- 
nad att transformeras till en spanning inom nligot av fOljande diskreta spanningsom- 
rSden: 380-420 V. 650-725 V, 3,1-3.5 kV, 6.2-7.0 kV eller 9.5-10,5 kV. 

5 11. Aniaggning enligt nagot av kraven 12-16. kSnnetecknad av att hjalp- 
kraftslihdningen (22) Sr en trefaslindning. 

1 8 . Aniaggning enligt nSgot av kraven 12-17. kSnnetecknad av att hjSlpkrafts- 
lindningen (22) ar placerad i botten av ett mellan tva narbelagna statortander (4) 
bildat spar (7). 

10 19. Aniaggning enligt krav 1 8. kannetecknad av att hjalpkraftslindningen (22) 
ar placerad i ett i statorn (1) anordnat extra lindningsutrymme (23) orienterat radiellt 

1 forhallande till statorlindningen (6). 

2 0 . Aniaggning enligt krav 1 8 eller 1 9, kannetecknad av att hjalpkraftslindning- 
en (22) ar placerad i varje spar (7) i statorn (1). 

15 21. Aniaggning enligt nagot av kraven 1-11, kannetecknad av att den elektris- 
ka maskinen ar en generator samt att hjaipkraftsanordningarna innefattar sasom 
hjalpkraftskaila ett tappningsuttag pa generatoriindningen f6r avtappning av hjaip- 
kraft. 

2 2 . Aniaggning enligt nagot av kraven 1-11, kannetecknad av att hjaipkrafl- 
20 sanordningarna innefattar sasom hjalpkraftskaila en separat, av den elektriska ma- 
skinen driven hjaipkraftsgenerator. si»som en synkronmaskin eller permanentmag- 
netgenerator. 

2 3 . Aniaggning enligt krav 22. kannetecknad av att hjaipkraftsgeneratom upp- 
visar minst en lindnlng. innefattande minst en elektrisk ledare. ett ledaren omslutan- 
25 de fOrsta skikt med halvledande egenskaper. ett det forsta skiktet omslutande fast 
isolerande skikt. och ett det isolerande skiktet omslutande andra skikt med halvle- 
dande egenskaper. 
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2 4 . Aniaggning enligt nigot av kraven 1-11, kannetecknad av att hjaipkrafts- 
anordningarna innefattar sasom hjalpkraftskaila en extra sekundarlindning hos en 
till en samlingsskena fOr flera generatorer ansluten jordningstransfomiator. 

2 5 . Aniaggning enligt nagot av kraven 1-11. kannetecknad av att Stminstone 
5 en av lindningarna hos en , till en samlingsskena for flera generatorer ansluten jord- 
ningstransformator ar fdrsedd med ett tappningsuttag f6r uttag av hjalpkraft. 

2 6 . Aniaggning enligt krav 24 eller 25, kannetecknad av att minst en av trans- 
formatoms lindningar innefattar minst en elektrisk ledare, ett ledaren omslutande 
forsta skikt med halvledande egenskaper. ett det f6rsta skiktet omslutande fast iso- 
10 lerande skikt, och ett det isolerande skiktet omslutande andra skikt med halvledan- 
de egenskaper. 

2 7 . Aniaggning enligt nigot av feregSende krav, kannetecknad av att hjSlp- 
kraftsanordningama innefattar minst en hjalpkraftskSlla, som ar ansluten till en, fGr 
fSrdelning av hjalpkraft avsedd hjalpkraftsskena via kraftelektronikutrustning f6r kon- 
15 stanthallning av spanningen pa hjalpkraftsskenan. varvid kraftelektronikutrustningen 
uppvisar ett likspanningsmellanled. till vilket en back-up spanning vid behov ar in- 
kopplingsbar 

2 8 . Aniaggning enligt krav 27, kannetecknad av att ett batteri ar anslutet till lik- 
spannlngsmellanledet for att leverera en fdrutbestamd back-up spanning till likspan- 
20 ningsmellanledet om dess spanningsniva sjunker under namnda fSrutbestamda ni- 
vi. 

2 9 . Aniaggning enligt nligot av kraven 27 eller 28, kannetecknad av att krafte- 
lektronikutrustningen innefattar ett ingingssteg fOr likriktning av frSn hjaipkraftskal- 
lan erhailen vaxelspanning for alstring av en likspanning p§ mellanledet i kraftelek- 
25 tronikutrustningen. 

30 . Aniaggning enligt krav 29. kannetecknad av att ingingssteget innefattar en 
diodbrygga. 
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31 . Aniaggning enligt krav 29, kannetecknad av att ingingssteget samt ett i 
kraftelektronikutrustningen ingaende utgangssteg innefattar var sin omriktarutrust- 
ning. 

32 . Aniaggning enligt krav 29, kannetecknad av att ingSngssteget ar utfort for 
att alstra en likspanning pa mellanledet med en lastberoende spSnningsnlvi. 

33 . Aniaggning enligt krav 32, kannetecknad av att ingingssteget innefattar ett 
motstind och en induktans for att Sstadkomma ett lastberoende spSnningsfall. 

34 . Aniaggning enligt krav 33. kannetecknad av att ingSngssteget ar sS utfOrt 
att vid maximalt tilliten inmatad str6m, spanningen pa likspanningsmellanledet lig- 
ger under namnda back-up spanning. 

35 . Aniaggning enligt nagot av kraven 27-34, kannetecknad av att ett flertal 
generatorer med extralindningar fSr generering av hjaipkraft ar via var sitt ingangs- 
steg hos kraftelektronikutrustningen parallellt anslutna till likspanningsmellanledet. 

36 . Aniaggning enligt nagot av kraven 27-35, kannetecknad av att hjaipkrafts- 
skenan ar matningsbar fran ytterligare matningskallor, sSsom externa matningskai- 
lor eller dieselmotordrivna generatorer. 

37 . Aniaggning enligt n^got av kraven 27-36, kannetecknad av att minst en 
vaxelspanningsskena och minst en likspanningsskena f5r fSrdelnlngen av hjaipkraft 
ar matade dels frSn ett batteri och dels frlin hjaipkraftsskenan via en omriktare eller 
frin kraftelektronikutrustningens mellanled. 

38 . Aniaggning enligt krav 12 eller 13, kannetecknad av att den roterande 
elektriska maskinen ar anordnad att magnetiseras fr§n hjaipkraftslindningen. 

39 . Aniaggning enligt nagot av kraven 27-37, kannetecknad av att den elek- 
triska maskinen ar anordnad att magnetiseras med hjaip av en chopperkoppling 
med galvanisk separering av in- och utmatning och med inmatningen ansluten till 
likspanningsmellanledet. 

4 0. Aniaggning enligt n^got av kraven 22 eller 23, kannetecknad av att 

hjaipkraftsgeneratorn ar ansluten till en hjaipkraftsskena, samt att en integralmotor 
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ar inrattad att halla hjaipkraftsgeneratorns varvtal konstant vid variationer i matande 
natets spanning och/eller frekvens. 

4 1 . Aniaggning enligt krav 22 eller 23, kannetecknad av att kraftelektronikut- 
rustningen ar anordnad fGr valbar styrning av effektflode friin hjaipkraftsgenerator till 
hjalpkraftsskena eller fr^n hjaipkraftsskena till hjaipgenerator. 

42 . Aniaggning enligt krav 41 , varvid den elektriska maskinen ar en synkronma- 
skin, kannetecknad av att hjaipkraftsgeneratoms faitlindning ar kortslutningsbar 
samt att dess statorslda ar matningsbar med en trefasspanning med ett fasiage och 
en frekvens, s§ att hjaipkraftsgeneratorn fungerar som en asynkronmaskin med ro- 
tationsriktning f6r maximalt bromsmoment. 

4 3 . Aniaggning enligt krav 41 , vafvid den elektriska maskinen ar en synkronma- 
skin, kannetecknad av att hjaipkraftsgeneratoms faitlindning ar kortslutningsbar 
samt att minst en statorlindning i hjaipkraftsgeneratorn ar matningsbar med en lik- 
strom. 

4 4 . Aniaggning enligt krav 43, kannetecknad av att en frekvensomriktare eller 
en separat tyristorstr6mriktare f6r enkvadrantdrift ar anordnade att mata minst en 
statorlindning hos hjaipkraftsgeneratorn med likstrom. 

4 5 . Aniaggning enligt nagot av kraven 41-44, kannetecknad av att hjaip- 

kraftsgeneratorn ar utfGrd med ett for frekvensanpassning avpassat poltal. 

4 6 . Aniaggning enligt krav 12 eller 1 3, kannetecknad av att kraftelektroni- 

kutrustningen ar anordnad f5r valbar styrning av effektflode fr§n hjaipkraftslindning 
till hjaipkraftsskena eller frin hjaipkraftsskena till hjaipkraftslindning. 

47 . Aniaggning enligt krav 46, varvid den elektriska maskinen ar en syn- 

kronmaskin, kannetecknad av att maskinens faitlindning ar kortslutningsbar samt 
att dess hjalplindning ar matningsbar med en trefasspanning med ett fasiage och en 
frekvens, sa att synkronmaskinen fungerar som en asynkronmaskin med en rota- 
tionsriktning f6r maximalt bromsmoment. 
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4 8 Aniaggning enligt krav 46, varvid den elektriska maskinen ar en syn- 

kronmaskin. kannetecknad av att maskinens faitlindning ar kortslutningsbar samt 
att minst en av dess hjalplindningar ar matningsbar med likstrOm. 

4 9 Aniaggning enligt krav 46, varvid den elektriska maskinen ar en syn- 

5 kronmaskin, kannetecknad av att en frekvensomriktare eller en separat tyristor- 
stremriktare f6r enkvadrantdrift ar anordnad att mata en hjaipkraftslindning . maski- 
nen med likstrom. 

50 Aniaggning enligt nagot av kraven 27-37. kannetecknad av att den 

elektriska maskinen ar anordnad att magnetiseras frSn en separatdriven hjaipkrafts- 
10 generator. 

51 . Aniaggning enligt nagot av kraven 17-21, 22 eller 23. kannetecknad av 

att hjaipkraftsgenerator eller generator med hjaipkraftslindning ar ansluten till en 
hjalpkraftsskena samt att aktuella laster ar anslutna till integralmotorer. varvid varv- 
talet halls konstant vid variationer i matande natets spanning och/eller frekvens. 

,5 52 Aniaggning enligt nagot av kraven 1-24. kannetecknad av att maski- 

nen med hjaipkraftslindning. ansluten till en hjalpkraftsskena, ar anordnad drivbar . 
tre samtida driftmoder. namligen en synkronmotormod f5r drivning av en turb.ndel . 
luft eller vakuum. en synkronkompensatormod for generering av reaktiv effekt fSr 
spanningshallning pi det yttre natet och en transfom^atomiod fGr overforing av ef- 

20 fekt till hjaipkraftsskenan. 

53 Aniaggning enligt nigot av kraven 1-24, kannetecknad av att maski- 
nen med separat hjaipkraftsgenerator, ansluten till en hjalpkraftsskena. ar anordnad 
drivbar i tre samtida driftmoder, namligen en synkronmotomiod fCr drivning av en 
turbindel i luft eller vakuum. en synkronkompensatomaod for generering av reaktiv 

25 effekt far spanningshallning pa det yttre natet och en generatomiod for 6verf6nng 
av effekt till hjaipkraftsskenan. 

54 Forfarande vid en elkraftsaniaggning innefattande minst en roterande 
elektrisk maskin (2, 4. 6. 8) av vaxelstromstyp. avsedd att direkt anslutas till ett dis- 
tributions- eller transmissionsnat och innefattande minst en elektrisk l.ndning. kan- 

30 netacknat av att maskinens (2. 4. 6, 8) lindning bildas av minst en elektrisk ledare 
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(35), ett ledaren omslutande forsta skikt (13) med halvledande egenskaper, ett det 
forsta skiktet omslutande fast isolerande skikt (37) och ett det isolerande skiktet om- 
slutande andra skikt (15) med halvledande egenskaper samt att hjaipkraft genere- 
ras med hjalp av en extra lindning pa statorn. 

5 55 . Forfarande vid en elkraftsanlaggning innefattande minst en elektrisk 

maskin (2, 4, 6. 8) av vaxelstromstyp i form av en generator, avsedd att direkt anslu- 
tas till ett distributions- eller transmissionsnat och innefattande minst en elektrisk 
lindning, kannetecknat av att maskinens (2, 4, 6, 8) lindning bildas av minst en 
elektrisk ledare (35), ett ledaren omslutande forsta skikt (13) med halvledande 

10 egenskaper, ett det forsta skiktet omslutande fast isolerande skikt (37) och ett det 
isolerande skiktet omslutande andra skikt (15) med halvledande egenskaper samt 
att hjalpkraft avtappas fran ett tappningsuttag pa generatorlindningen. 

56 . Forfarande vid en elkraftsanlaggning innefattande minst en elektrisk 
maskin (2, 4, 6, 8) av vaxelstromstyp, avsedd att direkt anslutas till ett distributions- 

15 eller transmissionsnat och innefattande minst en elektrisk lindning, kannetecknat 
av att maskinens (2. 4, 6, 8) lindning bildas av minst en elektrisk ledare (35), ett le- 
daren omslutande fGrsta skikt (13) med halvledande egenskaper, ett detfGrsta 
skiktet omslutande fast isolerande skikt (37) och ett det isolerande skiktet omslu- 
tande andra skikt (15) med halvledande egenskaper samt att en separat hjalp- 

20 kraftsgenerator drivs av den elektriska maskinen. 

57 . Forfarande vid en elkraftsanlaggning innefattande minst en elektrisk 
maskin (2, 4, 6, 8) av vaxelstromstyp, avsedd att direkt anslutas till ett distributions- 
eller transmissionsnat och innefattande minst en elektrisk lindning, samt en jord- 
ningstransformator, ansluten till en for flera generatorer avsedd samlingsskena. 

25 kannetecknat av att maskinens (2, 4. 6, 8) lindning bildas av minst en elektrisk le- 
dare (35), ett ledaren omslutande forsta skikt (13) med halvledande egenskaper, ett 
det forsta skiktet omslutande fast isolerande skikt (37) och ett det isolerande skiktet 
omslutande andra skikt (15) med halvledande egenskaper samt att hjalpkraft uttas 
frin en extra sekundarlindning hos jordningstransformatorn. 

30 58 . Forfarande vid en elkraftsanlaggning innefattande minst en elektrisk 

maskin (2, 4, 6. 8) av vaxelstromstyp, avsedd att direkt anslutas till ett distributions- 
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eller transmissionsnSt och innefattande minst en elektrisk llndnlng. samt en jord- 
nlngstransformator. ansluten till en for flera generatorer avsedd samlingsskena. 
kannetecknat av att maskinens (2. 4. 6. 8) lindning bildas av minst en elektrisk le- 
dare (35) ett ledaren omslutande fSrsta skikt (13) med halvledande egenskaper, ett 
s det forsta skiktet omslutande fast isolerande skikt (37) och ett det isolerande skiktet 
omslutande andra skikt (15) med halvledande egenskaper samt att hjaipkraft av- 
tappas frSn ett tappningsuttag hos en transformatorlindning. 
5 9 FOrfarande vid en elkraftsanlaggning innefattande minst en roterande 

elektrisk maskin (2. 4. 6. 8) av v^xelstromstyp. avsedd att direkt anslutas till ett dist- 
,0 ributions- eller transmissionsnat och innefattande minst en elektrisk lindn.ng. samt 
en till en hjalpkraftsskena ansluten hjaipkraftsgenerator, kMnnetecknat av att ma- 
skinens (2. 4. 6. 8) lindning bildas av minst en elektrisk ledare (35). ett ledaren om- 
slutande fSrsta skikt (1 3) med halvledande egenskaper. ett det forsta skiktet om- 
slutande fast isolerande skikt (37) och ett det isolerande skiktet omslutande andra 
15 skikt (15) med halvledande egenskaper samt att effektflodet styrs valbart fran hjaip- 
kraftsgeneratom till hjaipkraftsskenan eller fri.n hjaipkraftsskenan till hjalpkraftsge- 
neratorn. 

60 Forfarande vid en elkraftsanlaggning innefattande minst en synkronma- 

skin (2, 4. 6. 8). avsedd att direkt anslutas till ett distributions- eller transmissionsnat 

20 och innefattande minst en elektrisk lindning. kSnnetecknat av att maskinens (2, 4. 
6 8) lindning bildas av minst en ^ektrisk ledare (35). ett ledaren omslutande forsta 
skikt (1 3) med halvledande egenskaper, ett det fSrsta skiktet omslutande fast isole- 
rande skikt (37) och ett det isolerande skiktet omslutande andra skikt (15) med 
halvledande egenskaper samt att maskinens faltlindning kortsluts och en hjaipllnd- 

25 ning hos maskinen matas med en trefasspanning med ett fasiage och en frekvens. 
s§ att maskinen fungerar som en asynkronmaskin med en rotationsriktning fbr 
maximalt bromsmoment. 
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En elkraftsanlaggning innefattar minst en elektrisk maskin (2, 4, 6, 8) av 
vaxelstromstyp, avsedd att direkt anslutas till ett distributions- eller transmissionsnat 

5 och innefattande minst en elektrisk lindning. Maskinens lindning innefattar minst en 
elektrisk ledare, ett ledaren omslutande forsta skikt med halvledande egenskaper, 
ett det forsta skiktet omslutande fast isolerande skikt och ett det isolerande skiktet 
omslutande andra skikt med halvledande egenskaper. Hjalpkraftsanordningar (10, 
12. 14. 16. 18, 20. 22. 24. 26, 28, 30. 32, 34, 36. 38. 40) ar inrattade att astadkom- 

10 ma erforderlig hjaipkraft. Aven forfarande vid en sadan aniaggning beskrivs. 
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Citations and explanations 

The aim of the claimed invention is to simplify the generation 
of auxiliary power in an electric power plant that comprises 
an electric machine of alternating current type. The electric 
machine is designed to be connected directly to a distribution 
or transmission network. 

According to the invention, the auxiliary power can be 
generated in several different ways, for example by providing 
the electrical machine with an additional winding for 
generating auxiliary power. 
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Documents Dl to D7 are cited to show the general technological 
background of the invention. 
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Continuation of: BOX V. 
Claims 1 and 10 

Claims 1 and 10 describe an electric power plant comprising a 
rotary electric machine and auxiliary power means. The rotary 
electric machine is provided with a special type of winding. 



Document Dl reveals a linear electric machine with the same 
type of winding that is described in claims 1 and 10 (see 
especially column 1, line 45-column 3, line 14; column 3, line 
42-47; column 4, line 19-68; figure 1-2) . 

However, in document Dl there is no information leading a 
person skilled in the art towards the possibility of using the 
described winding in a rotary electric machine. Moreover, a 
person skilled in the art of designing rotary electric 
machines can not be expected to search for information in the 
field of linear electric machines. This is because these two 
types of machines have quite different areas of application 
and the problems connected with designing a rotary electric 
machine are in many ways principally different from the 
problems connected with designing a linear electric machine. 

Considering this argumentation the invention defined in claims 
1 and 10 is not considered obvious to a person skilled in the 
art . 

Consequently, the invention defined by claims 1 and 10 is 
considered to fulfil the requirement of inventive step (IS) . 



Claims 2-9 and 11-53 

Claims 2-9 and 11-53 are dependent claims to claims 1 or 10 . 
Consequently, bearing in mind the argumentation regarding 
claims 1 and 10, the invention according to claims 2-9 and 11- 
53 fulfils the requirement of inventive step (IS) . 
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Continuation of: Box V - 
Claims 54-60 

Claims 54, 59 and 60 describe a procedure in an electric power 
plant comprising a rotary electric machine. The rotary 
electric machine is provided with the same kind of winding as 
described in claims 1 and 10. Considering the argumentation 
regarding claims 1 and 10, the invention defined in claims 54, 
59 and 60 is also not considered obvious to a person skilled 
in the art. 



Claims 55-58 describe a procedure in an electric power plant 
comprising an alternating current electric machine. The 
electric machine is provided with the same kind of winding as 
described in claims 1 and 10. Claims 55-58 also describe 
different ways of generating auxiliary power in the electric 
power plant. 

An alternating current electric machine with the above 
mentioned type of winding is known from document Dl . In order 
to obtain the invention according to claims 55-58 it would be 
necessary to combine techniques from two different technical 
fields. A person skilled in the art of designing means for 
generating auxiliary power in an electric power plant can not 
be expected to search for information in the field of linear 
electric machines. This is because these two technical fields 
are not related to each other and have very few similarities. 

Considering this argumentation the invention defined in claims 
55-58 is not considered obvious to a person skilled in the 
art . 

Accordingly, the invention defined by claims 54-60 is 
considered to fulfil the requirement of inventive step (IS) . 



Conclusion 

The invention defined in claims 1-60 has novelty (N) and 
industrial applicability (lA) and is considered to involve an 
inventive step (IS) . 
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AN ELECTRIC POWER PLANT 

Technical field 

The present invention relates to an electric power plant comprising at least one 
5 electric machine of altemating current type designed to be connected directly to a 
distribution or transmission network and comprising at least one electric winding. 
The invention also relates to procedures in such a plant. 

Rackaround art 

10 The electric machine included in the plant according to the invention may be a 
rotary electric machine such as a synchronous machine, dual-fed machine, asyn- 
chronous static current converter cascade, external pole machine or synchronous 
flow machine, or a stationary machine such as a transformer or a reactor. 

1 5 To connect machines of this type to distribution or transmission networks, in the 
following referred to as power networks, transformers have hitherto been used to 
step up the voltage to network level, i.e. to the range 130-400 kV. 

Generators having a rated voltage of up to 36 kV are described by Paul R. Siedler 
20 "36 kV Generators Arise from Insulation Research". Electrical World. 1 5 October 
1932, pages 524-527. These generators comprise windings of high-voltage cable 
in which the insulation is divided into different layers with different dielectric con- 
stants. The insulating material used consists of various combinations of the three 
components mica-foil mica, varnish and paper. 

25 

It has now been found that, by manufacturing the above-mentioned winding of the 
machine from an insulated high-voltage electric conductor with a solid insulation of 
a type similar to that used in cables for power transmission, the machine voltage 
can be increased to such levels that the machine can be connected directly to any 
30 power network without the use of intermediate transformers. The transformer may 
thus be omitted. A typical operating range for these machines is 30 to 800 kV. 

In conventional generators auxiliary power for starting and operating the ma- 
chines, as well as for station requirements such as operating pumps and flood 
35 gates as well as for heating and lighting purposes, is taken via transformers from 
the generator terminals, the terminal voltage then being less than 25 kV. Figure 1 
shows a simplified survey diagram for auxiliary power distribution in a power sta- 
tion according to known technology. Four altemative supply routes to an auxiliary 
power busbar 200 are illustrated. Two generators G1 , G2 are thus connected to a 
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power network, each via its own transformer 202, 204. Branches to auxiliary 
power transformers 206. 208 are located outside the generator circuit breakers 
210, 212. Auxiliary power is thus diverted through these auxiliary power trans- 
formers 206, 208 to the auxiliary power busbar 200. The figure also shows a die- 
sel generator 218 and supply from the local distribution network, for instance, at 
220, providing two more supply alternatives to the auxiliary power busbar 200. 
The distribution of auxiliary power from the auxiliary power busbar 200 is then ef- 
fected via the alternating current distribution busbars 222 and direct current distri- 
bution busbars 224, as described below. 



10 



Figure 2 shows a modification of the auxiliary power distribution illustrated in Fig- 
ure 1 , also with four supply alternatives. Two of the supply alternatives comprise 
generators 226, 228 with extra stator windings for auxiliary power generation and 
excitation 230, 232 and 234, 236, respectively. In both embodiments according to 
1 5 Figures 1 and 2, switching between various supply alternatives entails a tempo- 
rary voltage interruption on the auxiliary power busbar 200. 

In conventional plants, thus, auxiliary power is often taken from the generator 
terminals via transformers, the temninal voltage then being less than 25 kV. Typi- 
20 cal auxiliary power voltages are 400 V - 690 V, 3.3 kV, 6.6 kV, 6 kV - 1 0 kV. Thus 
the voltage from the terminal voltage of the generator is often transformed to one 
or more of these discrete levels via at least one transformer for the auxiliary 
power. 

25 Auxiliary power equipment for heating and lighting, for instance, often requires a 
voltage of 380-220 V. in which case the power system comprises at least one lo- 
cal power transformer for stepping down the voltage from generator voltage to this 
auxiliary power voltage. Alternatively an auxiliary power winding may be arranged 
in the power transformer to perform this stepping down. Both these alternatives 

30 for auxiliary power generation require extra equipment in the form of either an ex- 
tra transformer or a complicated power transformer construction, thus increasing 
the space required and also making the electric power plant more expensive. 

The problems mentioned above are accentuated in electric machines with a ter- 
35 minal voltage in the range of 36-800 kV. 

The object of the present invention is thus to provide an electric power plant com- 
prising at least one electric machine of alternating current type that can be con- 
nected directly to distribution or transmission networks, which power plant also 
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comprises auxiliary power means enabling the requisite auxiliary power to be 
provided in a simple manner. 

Riimmarv of ths invention 

This object is achieved with an electric power plant of the type described m the 
introduction, having the features defined in claim 1. 

The insulating conductor or high-voltage cable used in the present invention is 
flexible and is of the type described in more detail in WO 97/45919 and 
WO 97/45847. The insulated conductor or cable is described further in 
WO 97/45918, WO 97/45930 and WO 97/45931. 

Thus in the device in accordance with the invention the windings are preferably of 
a type corresponding to cables having solid, extruded insulation, ''ke ^hose cur- 
rently used for power distribution, such as XLPE-cables or cables with EPR-nsu- 
lation. such a cable comprises an inner conductor composed of one or more 
strands, an inner semi-conducting layer surrounding the conductor, a solid .nsula^ 
ing layer surrounding this semiconducting layer and an outer semiconducting layer 
surrounding the insulating layer. Such cables are flexible, which -P^^^^^^^^^ 
property in this context since the technology for the device according to the inven- 
Ln is based primarily on winding systems in which the winding is formed from 
cables Which are bent during assembly. The flexibility of a XLPE-cab e norma^y 
corresponds to a radius of curvature of approximately 20 cm for a cable 30 mm .n 
diameter, and a radius of curvature of approximately 65 cm ^^-.^^^'^^^ ^^^^^^ 
diameter. In the present application the term "flexible" is used to indicate that the 
winding is flexible down to a radius of curvature of the order of four times the ca- 
ble diameter, preferably eight to twelve times the cable diameter. 
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The winding should be constructed to retain its properties even when t ,s bent 
and When it is subjected to thermal or mechanical stress °Pf '^J: 

tal that the layers retain their adhesion to each other in th,s context. The material 
parties of L layers are decisive here, particularly their elasticity and relative 
coefficients of thermal expansion. In a XLPE-cable. for instance, the .nsulatrng 
layer consists of cross-linked, low-density polyethylene, and the semiconducting 
layers consist of polyethylene with soot and metal particles mixed in^Changes ,n 
volume as a result of temperature fluctuations are completely absort>ed as 
changes in the radius of the cable and, thanks to the comparat^ely slight drffe - 
ence between the coefncients of themtal expansion in the layers in relation to the 
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elasticity of these materials, the radial expansion can take place without the ad- 
hesion between the layers being lost. 

The material combinations stated above should be considered only as samples. 
Other combinations fulfilling the conditions specified and also the condrtion of be- 
°g semiconducting, i.e. having a resistivity within the range of 10-1-106 ohm^. 
e.g. 1-500 ohm-cm, or 10-200 ohm-cm, naturally also fall v.rth,n the scope of the 

invention. 

The insulating layer may consist, for example, of a solid thermoplastic material 
such as lov.-density polyethylene (LDPE), high-density polyethyletie (HOPE), 

polypropylene (PR), polybutylene (PB), polymethy, P->-« (^^^'l^^^^^ hvlefe 
maleria^such as cross-linked polyethylene (XLPE). or rubber such as ethylene 
propylene rubber (EPR) or silicon rubber. 

The inner and outer semiconducting layers may be of the same basic material but 
«,ith pariicles of conducting material such as soot or metal powder mixed ,n. 

The mechanical properties of these materials, particulariy 'l^--^™ °« 
them,al expansion, are affected relatively little by whether soot or metal powder ,s 
mixed in or not - at least in the proportions required to achieve the =°"^"<="«'V 
Necessary according to the invention. The Insulating layer and the sem.oonduCng 
layers thus have substantially the same coefficients of themtal expansion. 

Ethylene-vlnyl-acetate copolymer/nitrile rubber, butylymp polyethylene, ethylene- 
aorylate-copolymers and ethylene^thyl-acrylate copolymers may also constrtute 
suitable polymers for the semiconducting layers. 

Even When different types of material are used as base in the various layers It is 
desirable that their coefficients of thermal expansion are of the same order of 
magnitude. This Is the case wHh the combination of the matenals listed above. 

The materials listed above have relatively good elasticity, with an E-""""'"^ °' 
E<500 KflPa, preferably <200 MPa. The elasticHy Is sufficient for any m,nor differ- 
ences between the coefncients of them-al expansion for the matenals m the lay- 
ers to be absorbed in the radial direction of the elasticity so that no cracks or other 
damage appear and so that the layers are not released from each other. The ma- 
terial I the layers is elastic, and the adhesion between the layers ,s at least of the 
same magnitude as the weakest of the materials. 
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The conductivity of the two semiconducting layers is sufficient to substantially 
equalize the potential along each layer. The conductivity of the outer semiconduct- 
ing layer is sufficiently large to contain the electrical field in the cable, but suffi- 
5 ciently small not to give rise to significant losses due to currents induced in the 
longitudinal direction of the layer. 

Thus each of the two semiconducting layers essentially constitutes one equipo- 
tential surface, and the winding composed of these layers will substantially en- 
10 close the electrical field within it. 

There is, of course, nothing to prevent one or more additional semiconducting 
layers being arranged in the insulating layer. 

1 5 According to an advantageous embodiment of the plant in accordance with the in- 
vention, at least two adjacent layers of the machine's winding have substantially 
equally large coefficients of thermal expansion. Damage due to crack formation or 
the like in the insulating layer is thus avoided. 

20 According to another advantageous embodiment of the plant in accordance with 
the invention, said layers are arranged to adhere to each other even when the in- 
sulated conductor is bent. This ensures good contact between the layers through- 
out. 

25 According to an advantageous embodiment of the machine in accordance with 
the invention, the auxiliary power means comprise at least one auxiliary power 
source which is connected to an auxiliary power busbar for distribution of auxiliary 
power, via power electronics equipment to keep the voltage on the auxiliary power 
busbar constant, the power electronics equipment being provided with a direct 
30 voltage intermediate link, to which a back-up voltage can be connected if neces- 
sary A battery is suitably connected to the direct voltage intermediate link to 
supply a predetemiined back-up voltage to the direct voltage intermediate link if 
its voltage level falls below said predetermined level. This reinforcement of the di- 
rect voltage intermediate link allows temporary overloads to be dealt with without 
35 the ordinary supply source becoming overloaded. Voltage and frequency can thus 
be maintained on the auxiliary power busbar even in the event of temporary inter- 
ruptions in the ordinary supply. The power electronics equipment can thus be 
used together with supply sources, such as synchronous/asynchronous genera- 
tors with constant or varying frequency and voltage, as well as together with 
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transformers with suitable levels for the secondary voltage. The auxiliary power 
busbar may also be supplied from a plurality of parallel supply sources. 

According to another advantageous embodiment of the plant in accordance with 
the invention, the power electronics equipment is arranged for optional control of 
power flow from auxiliary power generator to auxiliary power busbar or from auxil- 
iary power busbar to auxiliary power generator, or alternatively from auxiliary 
power winding in a multi-winding machine to auxiliary power busbar or from auxil- 
iary power busbar to auxiliary power winding in a multi-winding machine. The 
equipment for auxiliary power generation can then also be used for electric retar- 
dation of the electric machine right down to stop. This is a considerable advantage 
over known technology in which electric retardation is only possible to 5-10 /o of 
the starting speed, after which mechanical braking is required. No such mechani- 
cal braking equipment is thus required in accordance with the present invention. 

According to yet another advantageous embodiment of the plant in accordance 
with the invention, if the electric machine is a synchronous machine, the field 
winding of the auxiliary power generator can be short-circuited and its stator side 
can be supplied with a three-phase voltage having a phase position and a fre- 
quency such that the auxiliary power generator functions as an asynchronous 
machine with direction of rotation for maximum braking torque. This asynchronous 
operation continues until the machine comes to a standstill. 

According to further advantageous embodiments of the plant in accordance with 
the invention, the field winding of the auxiliary power generator can be short- 
circuited and at least one stator winding can be supplied with a direct current. In 
this case a static frequency changer or a separate thyristor current converter for 
single-quadrant operation is preferably arranged to supply the stator winding with 
direct current. 

According to yet another advantageous embodiment of the plant in accordance 
with the invention, an auxiliary power generator is designed with a pole number 
suitable for frequency adaption. The auxiliary power busbar may then have multi- 
ple inputs e.g. a directly connected input and an input via one or more frequency 
changers. Double inputs enable switching between alternative supply sources 
without any interruption of the voltage on the busbar. 
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Rripf description of the drawings 

To explain the invention more in detail, embodiments of the plant in accordance 
with the invention, selected by way of example, will now be described in more 
detail with reference to Figures 3-22 of the accompanying drawings, in which 

5 

Figures 1 and 2 show survey diagrams of the auxiliary power distribution in a 
power station in accordance with known technology, 

Figure 3 shows a circuit diagram for one embodiment of the electric power 
plant in accordance with the invention, with various auxiliary power 
1 0 sources for supplying an auxiliary power busbar via a direct voltage 

intermediate link, 

shows in more detail one of the examples in Figure 3 for obtaining 
auxiliary power, 

shows various alternatives for exciting an electric machine in the 
15 plant in accordance with the invention, 

illustrates a principle solution for obtaining auxiliary power in a case 
with several parallel supply sources, 

shows a modification of the embodiment in Figure 6, in which an- 
other supply source has been added in the form of an earthing 
transformer with an extra secondary winding, 
shows in more detail an example of the output circuit of the power 
electronics equipment in the embodiments illustrated in the previous 
figures, 

shows an embodiment in which auxiliary power is generated by an 
25 auxiliary power generator which can also be used for electric retar- 

dation of the electric machine, 

illustrates an embodiment having several possible inputs to the auxil- 
iary power busbar, 

shows an embodiment having auxiliary power distribution with sev- 
30 eral voltage levels, 

Figures 12 and 13 show two examples of short-circuiting of the field winding of the 

auxiliary power generator during retardation, 
Figure 14 shows an embodiment of the plant in accordance with the invention, 
in which a separate auxiliary power generator is used for starting the 
35 static frequency changer. 

Figure 1 5 shows an embodiment in which a separate auxiliary power winding is 
used for starting the static frequency changer of a synchronous ma- 
chine. 
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Figure 16 shows an embodiment of the plant in accordance with the invention 
in which a separate auxiliary power winding is used for frequency 
changer start of a synchronous machine and in which voltage ad- 
justment is performed with the aid of a three-winding transformer, 
5 Figure 17 shows an embodiment having two generators with common fre- 
quency changer equipment, 
Figure 18 illustrates a principle solution for auxiliary power distribution in an 
embodiment of the plant in accordance with the invention having 
generators with variable speed, 
10 Figure 19 shows a schematic view, in perspective, of a section taken diametri- 
cally through a stator in a rotary electric machine in an electric power 
plant in accordance with the invention, 
Figure 20 shows a cross section through an insulated conductor used for 

windings in machines in the electric power plant in accordance with 
15 the present invention. 

Figure 21 shows schematically a sector of a rotary electric machine in the elec- 
tric power plant in accordance with the invention, and 
Figure 22 shows a sector of the stator corresponding to one tooth pitch of the 
radial sector in Figure 21 . 

20 

Description of preferred embodiments 

Figure 3 shows a circuit diagram for one embodiment of the electric power plant in 
accordance with the invention, comprising a number of electric machines of alter- 
nating power type, such as generators 2, 4, 6 and a transformer 8, constructed in 
25 accordance with the invention for connection directly to a busbar at high voltage, 
typically in the range 40-400 kV via a circuit breaker 9 connected to the power 
network. The generator 2 is designed with a separate auxiliary power winding 10 
for connection via power electronics equipment to an auxiliary power busbar lying 
typically at a voltage of 400 V. The power electronics equipment comprises an in- 
30 put step 12 in the form of a rectifier 12, which is connected between the auxiliary 
power winding 10 and a direct voltage intermediate link 14. Between the direct 
voltage intermediate link 14 and the auxiliary power busbar is an output step 16 in 
the form of an inverter and a transformer 18. The input step 12. direct voltage in- 
termediate link 14 and output step 16 in principle constitute a static frequency 
35 changer with a constant direct voltage intermediate link. 



The generator 4 is provided with a tapping temninal which is connected via trans- 
former 20 and input step 22 to the direct voltage intermediate link 14 for tapping 
off auxiliary power. 
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The generator 6 is arranged to drive a separate auxiliary power generator 24 
which in its turn is connected to the direct voltage intermediate link 14 via an input 
step 26. 

5 

By way of another example of an auxiliary power source an earthing transformer 8 
is shown connected directly to the busbar and provided with an extra secondary 
winding 28 for extraction of auxiliary power. The secondary winding 28 is con- 
nected to the direct voltage intermediate link 14 via an input step 30. 

10 

A back-up circuit in the form of a battery 32 is connected to the direct voltage in- 
termediate link 14 via a semiconductor rectifier 34 which blocks the circuit during 
normal operation, and a resistor 36. If the ordinary supply sources for the input 
steps 12, 22, 26, 30 are limited to keep the output voltage of the static frequency 
15 changers constant at temporary overloading and temporary cuts in the supply, the 
back-up circuit 32, 24, 26 comes into operation and maintains constant voltage on 
the direct voltage intermediate link 14. This avoids the supply source(s) being 
overloaded at temporary overloading or interruptions. The back-up circuit 32, 34, 
36 thus serves to reinforce the direct voltage intermediate link 14. 

20 

In system solutions having several parallel inputs, like the supply of the direct 
voltage intermediate link 14 shown in Figure 3, equipment for load distribution 
may also be included. 

25 At maximum permitted current in the input the output voltage levels on the input 
steps 12, 22, 26, 30, i.e. the voltage on the direct voltage intermediate link 14, 
shall be lower than the level of the back-up voltage of the back-up circuit 32, 34, 
36, which is then connected. 

30 The auxiliary power busbar may also have several parallel inputs, i.e. a diesel- 
driven generator 38 and an external supply source connected via the transformer 
40, as well as the input 16, 18 from the direct voltage intermediate link 14. 

Figure 4 shows more clearly an embodiment with an electric machine in the form 
35 of a synchronous machine 42 having an extra auxiliary power winding 44. The 
voltage from the auxiliary power winding 44 is rectified in the input step 46 of the 
power electronics equipment. The direct voltage intermediate link of the power 
electronics equipment 48 acquires a load-dependent voltage value ULS, which is 
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visualised as a constant voltage U minus a load-dependent voltage drop AURL 
over the resistor R1 and the inductance L. 

The direct voltage intermediate link 50 also constitutes a back-up circuit in the 
5 form of a battery 52, a semiconductor rectifier 54 and a resistor 56, connected as 
described above with reference to Figure 3. 

At maximum permitted current, Imax, in the supply circuit 58 from the auxiliary 
winding 44, the voltage level ULS on the direct voltage intermediate link 50 is less 
10 than the level of the back-up voltage UB from the back-up circuit 52, 54, 56, 
whereupon this is connected in via the semiconductor rectifier 54. 

The back-up circuit is kept charged via the resistor 56 and the circuit is blocked 
during normal operation by means of the semiconductor rectifier 54. 



If voltage and frequency are constant the input step 46 can be formed by a tradi- 
tional diode bridge and the load-dependent voltage drop AURL is achieved with 
the aid of the resistor R1 and inductance L. In system solutions in which the sup- 
ply voltage can vary both in level and in frequency, the input step 46 is preferably 

20 realised with the aid of controllable semiconducting elements and the voltage level 
ULS on the direct voltage intermediate link 50 is adjusted to the current operating 
situation by means of current-controlled voltage control. Maintenance charging of 
the battery 52 in the back-up circuit is effected using conventional equipment for 
charging batteries, and the semi-conductor rectifier may be replaced with a thyris- 

25 tor switch, for instance, having ignition circuit for controlled activation of the back- 



Voltage conversion and filtering of the harmonic content occurs in the output step 
of the power electronics equipment 48, comprising an attenuator 60 and trans- 
30 former 62, as described in more detail with reference to Figure 8. 

The auxiliary power distribution normally comprises an alternating voltage busbar 
64 and one or two direct voltage busbars 66, 68. The direct voltage busbars 66, 
68 are supplied by battery 70, 72 and by inverter 74, 76. The inverter 74, 76 can 
35 be supply from the alternating voltage busbar 64 or from the intermediate link 50 
of the power electronics equipment 48. 



15 



up circuit. 



Figure 5 shows an embodiment similar to that shown in Figure 2, with a different 
supply alternative for excitation of the machine 42. The extra auxiliary power 
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winding 44 is utilized as supply source for the excitation. It is then important that 
the field winding 74 of the machine 42, or the supply field, is galvanically sepa- 
rated from the supply source of the excitation equipment. 

5 Excitation may be performed with the aid of traditional static current converter 
equipment, a separate synchronous machine or permanent magnet generator 76, 
or supply from the auxiliary power busbar 64 being used instead of the auxiliary 
power winding 44. 

10 Alternatively, excitation can be achieved from the direct voltage intermediate link 
50 with the aid of a chopper connection 78 with galvanic separation of input and 
output. 

The type of supply selected for excitation of the machine 42 depends primarily on 
15 the strength of excitation desired. Supply from the auxiliary power busbar 64 is 
normally not chosen in cases where strong excitation is desired. 

Figure 6 shows an embodiment similar to that in Figures 2 and 3, in which auxil- 
iary power is supplied to the direct voltage intermediate link 50 through several 
20 parallel inputs 58, 78, 80. Two alternatives for excitation of the machine 42 are il- 
lustrated in the figure, i.e. from the auxiliary power winding 44 and from the direct 
voltage intermediate link 50. If redundancy is required it is advisable for two alter- 
natives to be used for the excitation. 

25 In the embodiment shown in Figure 6, thus, the power electronics equipment 

comprises several parallel input steps 58, 78, 80. If galvanic separation is required 
between the supply sources, a transformer is added to each input step. Individual, 
current-controlled, voltage regulation of each input step is required if current limit- 
ing is necessary for protection of one or more supply sources. In this embodiment 

30 the input circuits from the various supply sources are supplied with both varying 
voltage level and varying frequency. 

Figure 7 shows another embodiment having several parallel inputs to the direct 
voltage intermediate link 50, as in Figure 6, one of these input sources comprising 
35 an earthing transformer 82 with extra secondary winding 84. The primary task of 
the earthing transformer 82 is to achieve an artificial zero point for system earthing 
in order to eliminate circulating third harmonic currents during operation of one or 
more parallel generators 42, 86, 88, and to limit the zero-point current in the event 
of external faults. 
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The figure shows two supply alternatives from transformer 82. ALT 1 or ALT 2. re- 
spectively, in ALT 1 supply is via the direct voltage intermediate hnk 50, whereas 
in ALT 2 the auxiliary power busbar 90 is supplied directly from the secondary 
winding 84 of the earthing transformer 82. In this case the voltage from the sec- 
ondary winding 84 must be adapted fo the voltage on the auxiliary power busbar 



90. 



10 
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Figure 8 shows in more detail an embodiment of the main circuit of the power 
electronics equipment, comprising input steps connected between a supply 
source and the direct voltage intermediate link 50 which acts as collect.on po.nt. 
AS described above, a back-up circuit consisting of battery 52, ----"^"jr^^/ 
rectifier 54 and resistor 56 is connected fo the direct voltage .ntem.ed,ate hnk 50, 
and an output step is connected between the direct voltage intermediate l.nk 50 
and the auxiliary power busbar, for voltage conversion and filtering harmomcs. 
The input steps, intended primarily for rectifying the voltage from the supply 
source and the output step, intended for inverting the voltage, are known per se 
and are therefore not described in detail. 

Figure 9 shows an embodiment of the plant in accordance with the inv«"«°" |" 
w^lch the equipment for auxiliary power generation can also be used for electnc 
retardation of the machine, the braking effect functioning ail the way down to a 

Standstill. 

i The plant thus comprises an electric machine 92 with brushless excitation and an 
luxilC power generator 94, also with brushless excitation. The auxlLary power 
generaTor 94 is connected to an auxilla^ power busbar 98 via a s,a.,c frequency 
!han 1 96. Other supply sources, such as an external — ' °' ^ 
generator 102, may also be connected to the auxilian, power busbar 98. 

° A common rotating excitation equipment 1 04 is provided for excitation of the ma- 
chine 92 and the auxiliary power generator 94. This excitation ^""""^''l'^: 
prises a pem^anent magnet generator 106 and rectifier elements such as th^,s.or 
bridges 108. 110 to supply the fleld windings 1 12, 1 14 of the generators 92^ 94. 
55 The thyristor bridges 108, 110 are controlled from a stationary control means 116, 
each via Its own unit for wireless communication. Each commun,cat,on unrt com- 
prises a stationary transmitter and/or receiver unit 1 1 8 connected o *e ^ntrol 
means 116, and a receiver and/or transmlHer unit 120 applied on the rotating exc. 
tation equipment. 
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In Figure 9 a connection 122 is also indicated between the machine 92 and the 
control means 116, so that the output voltage of the machine 92 can be controlled 
by control of the excitation. A connection 124 is also indicated to measure the 
5 network voltage, which is necessary for phasing in the machine 92. 

In this embodiment the equipment for generating auxiliary power comprises fre- 
quency changer equipment 96 for multi-quadrant operation, and can be used for 
electric retardation of the machine 92. The braking effect is achieved by short- 

10 circuiting the field winding 1 14 of the auxiliary power generator 94 and supplying 
its stator side with a three-phase voltage having a phase position and a frequency 
enabling the auxiliary power generator 94 (synchronous machine) to function as 
an asynchronous machine with rotation direction for maximum braking torque. 
Asynchronous operation may continue until the machine 92 comes to a complete 

15 standstill. This is described in more detail below with reference to Figure 12. 

The braking effect can also be achieved by short-circuiting the field winding 1 14 of 
the auxiliary power generator 94 and supplying its stator winding with direct cur- 
rent, as is described in more detail below with reference to Figure 13. 

20 

Decisive for how the auxiliary power generator 94 can be used for retardation is 
how long it can be overloaded without damage. 

Figure 10 shows an example of several input possibilities to the auxiliary power 
25 busbar 126. Besides an external supply source 128 and diesel generator 130, for 
instance, two generators 132, 134 sharing common frequency changer equipment 
136 are shown which can in its turn connect the auxiliary power generators 132, 
134 (via transformer 138) to the auxiliary power busbar 126. Thus supply via the 
frequency changer 136 or by directly connected supply from the auxiliary power 
30 generators 132, 134, as well as alternative supplies 128, 130 are possible. 

Figure 1 1 shows an embodiment with auxiliary power distribution having several 
voltage levels. The generators 140, 142 may thus be connected directly to a 6 kV 
level and, via transformers 144, 146 with extra secondary lines, directly with the 
35 auxiliary power busbar 150, or via the frequency changer equipment 148. The 
auxiliary power busbar lies typically on 0.4 kV and supplies the direct voltage bus- 
bars 156, 158 via converters 152, 154 as described above. However, other volt- 
age levels, or even several voltage levels, are also possible. 
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Figure 12 illustrates more clearly the principle of short-circuiting the field winding 
162 of the auxiliary power generator during retardation operation. The field wind- 
ing 162 is thus connected to the excitation equipment 164 via a thyristor short- 
circuiter 166 comprising two oppositely directed thyristors 168, 170 with the.r .gn.- 
5 tion circuits 172, 174. The stator side of the generator 160 is supplied with alter- 
nating voltage via the frequency changer 176 with a phase position and frequency 
so that the machine operates as an asynchronous machine with direction of rota- 
tion for maximum braking torque. 

10 Figure 13 shows an alternative embodiment in which the generator 160 is sup- 
plied with direct voltage on the stator side from a thyristor converter 178. Counter- 
current braking is thus obtained, where the braking effect is realised with direct 
voltage. 

1 5 Figure 14 shows an embodiment of the plant in accordance with the invention in 
which a separate auxiliary power generator G2 is used as start motor. The auxil- 
iary power generator G2 is driven by the electric machine G1 which is connected 
directly to the power network. The auxiliary power busbar 240 lies typically on a 
voltage of 0.4 kV and has three input alternatives, i.e. a diesel generator Gd. an 
20 input from an external supply source 241 via a transformer T2. and the separate 
auxiliary power generator G2 which is connected to the auxiliary power busbar 
240 via a transformer T1 for voltage adjustment. At the moment when the ma- 
chine G1 is to start, the circuit breakers CB1 . CB2 and CBS are opened. A voltage 
is applied on the auxiliary power busbar 240 via one of said supply alternatives 
25 Gd 241 During the time for the first step of the start-up process the circuit 

breaker CB4 is closed and the circuit breaker CBS is open, which means that the 
frequency changer FC is connected directly to the auxiliary power generator GZ 
During the time for the second step of the start-up process the circuit breaker CB4 
is open and the circuit breaker CBS is closed. During the start-up process the exc- 
30 tation equipment EXC of the auxiliary power generator G2 is supplied from the 
auxiliary power busbar 240 via the transfomier T3. When the machine G1 has 
been phased in in motor operation, switching occurs to ordinary excitation and 
voltage is applied on the auxiliary power busbar 240 from the external network by 
supply via machine G1 and auxiliary power generator G2. The circuit breaker CB1 
35 is closed and the other auxiliary systems can be started. 

Figure 15 shows an alternative embodiment of the plant in accordance with the 
invention, in which a separate auxiliary power winding 242 of the machine G1 is 
used at start-up. In a similar manner to the embodiment described in Figure 14. 
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the auxiliary power busbar 240 has three input alternatives, of which one supply 
source is the separate auxiliary power winding 242 of the machine G1 which 
supplies the auxiliary power busbar 240 via the transformer T1 for voltage adjust- 
ment. The start-up process is the same as in the embodiment shown in Figure 14 
5 and, when the machine G1 has been phased in in motor operation, switching oc- 
curs to ordinary excitation by the excitation equipment EXC and voltage is applied 
on the auxiliary power busbar 240 from the external network through the machine 
G1 and its auxiliary power winding 242. When the synchronous machine G1 has 
been phased in it can have the following simultaneous operating modes: A syn- 
10 chronous motor mode for driving a turbine part, for instance, in air or vacuum, a 
synchronous compensator mode for generating reactive power for maintaining 
voltage, and a transformer mode for stepping down and transmitting both active 
and reactive power to the auxiliary power busbar. 

15 Figure 16 shows a modification of the embodiment in Figure 15, in which a three- 
winding transformer 244 is connected to the auxiliary power winding 242 of the 
machine G1. The auxiliary power busbar 240 is supplied via one secondary wind- 
ing of the three-winding transformer 244 and the transformer 243, while the other 
secondary winding of the three-winding transformer 244 is used for excitation of 

20 the machine G1 . The start-up process, as well as normal operation are performed 
in a similar manner as in the embodiment according to Figure 15. 

Figure 17 shows an embodiment of the plant in accordance with the invention, 
with two machines or generators 246, 248 having common frequency changer 

25 equipment FC for start-up. Each generator 246, 248 comprises an extra auxiliary 
power winding 250, 252 to supply the auxiliary power busbar 254 in a similar 
manner as in the embodiment in Figure 15. The auxiliary power systems can be 
connected with the circuit breaker CB7 and the auxiliary power windings can be 
separated from respective auxiliary power busbar 254 with the aid of circuit 

30 breakers CB1, CB4, respectively. The figure also shows turbine parts ST1 and 
ST2 connected to the machines 246, 248 via couplings CI, C2, respectively. In 
other respects the function of the embodiment shown in Figure 17 is the same as 
that of the embodiment shown in Figure 15. 

35 Figure 1 8 illustrates yet another principle for auxiliary power distribution when the 
speed of the machines 256, 258 in the plant is variable. A voltage is applied on 
the auxiliary power distribution at station level via one of four alternative input 
routes, i.e. from either the machine 256 or the machine 258, or from a diesel gen- 
erator 260 or from an external supply source 262, At start-up of the machine 258, 
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voltage is applied temporarily on the auxiliary power distribution for the machine 
258 via the auxiliary power distribution for station level, whereupon the ordinary 
input from the machine 258 is opened before applying voltage. After start-up and 
voltage build-up, switching occurs to ordinary excitation, i.e. the machine 258 pro- 

5 duces its own auxiliary force. Constant speed is maintained for pump driving and 
the like upon variation in the voltage and frequency of the supply network, with the 
aid of integral motors 264. Direct voltage and alternating voltage distribution bus- 
bars are connected to the auxiliary power distribution at station level as described 
above. The alternative voltage distribution busbar given priority is supplied via fre- 

10 quency changers 266, 268 by constant direct voltage intermediate link 270 and 
battery back-up 272, as described above. 

Several modifications of the embodiments shown and described above by way of 
example are feasible within the scope of the invention. Thus, both auxiliary power 

15 generator and machine can be excited with the aid of static exciters or brushless 
exciters with diode rectifiers. Furthermore, adaptation and coupling between auxil- 
iary power generators and auxiliary power busbars can naturally be realised in 
several different ways. Start-up methods and principles may vary from plant to 
plant, and in some cases the frequency changer may be supplied for start-up from 

20 a separate supply source, possibly from a separate diesel generator. 

The conductors and other equipment for auxiliary power generator can also be 
used for electric braking as well as frequency changer start of the machines. 

25 Figure 19 shows a part of an electric alternating current machine of the type in- 
cluded in the plant in accordance with the invention. The rotor has been removed 
to reveal the construction of the stator 1 more clearly. The main parts of the stator 
1 are a stator frame 25, a stator core 3 comprising stator teeth 27, and a stator 
back defining an outer back portion 5. The stator also comprises a stator winding 

30 29 formed from an insulated conductor and placed in a space 7, also termed slot, 
shaped like a bicycle chain, see Figure 21, formed between individual stator teeth 
27. In Figure 21 the stator winding 29 is only indicated by its conductor. As is ap- 
parent from Figure 19, the stator winding 29 forms a coil-end package 31 on each 
side of the stator 1. Figure 21 also reveals that the insulated conductor is stepped 

35 in several dimensions, depending on its radial position in the stator. 

In larger conventional machines, the stator frame 25 often consists of a welded 
steel plate construction. In large machines the stator core 3, also termed the lami- 
nated core, is generally made of 0.35 mm plate divided into stacks with an axial 
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length of approximately 50 mm separated from each other by 6 mm ventilatior, 
ductl forming partitions. However, the ventilation duots are elim,nated ,n a ma- 
chme oi the type included in the plan, in acco^ance with the present invention. In 
machines the construction of each laminated stack is achieved by stacking 
. punched plate segments 9 of a suitable size together to a first layer, and placing 
Tac subsequent layer crosswise to construct a complete P'^t-'^-P^ "'^ 
stator core 3. The parts and partitions are held together by pressure ^'^^^ 
wwch are pressed against pressure rings, pressure Angers or pressure segments, 
not shown. Only two pressure shanks have been shown in Figure 19. 

' Figure 20 shows a cross-section through an insulated conductor intended for use 
in the windings in the machine or machines in the plant in accordance wrth the 
present invention. The insulated conductor 1 1 comprises a number of strands 35 
having circular cross section and consisting of copper (Cu), for instance. These 
,5 strands rare arranged in the middle of the insulated conductor 11. A first semi- 
"du^'ng layer 13 fs arranged around the strands 35. An 
XLPE insulation, is arranged around the first semiconducting 'ave' second 
semLduoting layer 16 is arranged around the insulating layer 37. The .ns"la.^ 
conductor is flexible and retains this property throughout rts sendee life. Said thr^ 
.0 C are constructed so that they adhere to each other even when the insu ated 
conductor is bent. The insulated conductor has a «a-ete' w«™ the interval 
20-260 mm and a conducting area within the inten/al 80-3000 mm< 

Finure 21 shows schematically a radial sector of a machine with a segment 9 of 
25 me Lor and a rotor pole 39 on the rotor 17 of the machine. It can also be seen 
hat Mor Winding 29 is arranged in the space 7 shaped like a bicycle chain, 
fled between individual sUtor teeth 27. Each stator tooth 27 extends radially 
inwards from the outer back portion 5. 

Figure 22 shows a sector corresponding to one tooth pitch of the radial sector in 
Fru e 21 with the stator winding 29 in the slot 7. this being made ,n three steps 
1 L nnermost step, seen in radial direction, having the smallest diam^er and 
the outem,ost step, seen in radial direction, having the largest *am^- ^ac^ 
step IS provided with four winding turns. The slot 7 has a bottom 41 at rts outer- 
most radius and a top 21 at Its innemiost radius. The embodiment ,n Figure 22 
Thow atauxlllary power winding 43 arranged in a channel 23 situated in con 
necL With the bottom 41 of the slot through which the auxiliary power windmg 
TZ Furthermore, the channel 23, with its auxiliary power winding 43 is situ- 
ated radially In relation to the stator winding 29. The complete aux,l,an, power 
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winding is obtained by a suitable nuoiber of slots 7 being provided with channels 
23 in the bottom 20 of the slot so that a suitable number of winding tums is ob- 
tained depending on the auxiliary power voltage desired. The location shown in 
Figure 22 offers advantages as regards assembly of the winding. This location 

5 also gives lower losses in the extra winding and ensures that the leakage reac- 
tance for the main winding does not increase. The auxiliary power winding is con- 
structed in the same way as the main winding but with considerably fewer turns, 
which gives lower terminal voltage. The power output from the auxiliary power 
winding is within the range of a kW or so up to about 25% of the total output of the 

10 machine. Thus the auxiliary power winding is the smaller winding with regard to 
power and is therefore placed in the bottom of the slot 7. 

The auxiliary power voltage for the station requirement is determined to certain 
values, e.g. 400 V-690 V-3 kV, 3 kV-6.6 kV or 10 kV. However, depending on the 
1 5 parameters of the main design of the generator construction, it may not be possi- 
ble to obtain these specific voltage levels and the auxiliary power winding is there- 
fore dimensioned to come as close as possible to these values so that a transfor- 
mation to these values can be achieved with a relatively simple transformer. 

20 The embodiment of an auxiliary power winding shown in Figure 22 constitutes only 
one possible solution of the location of the winding. The winding may also be 
placed in the top 21 of the slot, or somewhere else along the slot. A slot may also 
be provided with more than one winding turn. Neither need every slot be provided 
with auxiliary power winding. Instead every second slot, or every third slot may be 
25 provided with the winding. Many modifications of the embodiments may therefore 
be selected within the scope of the invention, depending on the design parameters 
of the generator and the auxiliary power voltage desired for the station require- 
ments The common denominator for all embodiments is that the generator is pro- 
vided with a stator winding of high voltage type and that the auxiliary power winding 
30 is located in or close to the slot. By "in or close to" the slot is means that the slot 
space 7 communicates with the channel 23 for the auxiliary power winding 43. 

The stator thus comprises at least one winding system acting as auxiliary power 
winding consisting of solid insulated conductors of the type described above, 
35 placed and arranged so that they link enough magnetic flux to ensure that the in- 
duced voltage is suitable for direct connection to a distribution or transmission 
network, i.e. typically 36 kV - 800 kV. 
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CLAIMS 

1 . An electric power plant comprising at least one electric machine (2, 4, 
6, 8) of alternating current type designed to be connected directly to a distribution 

5 or transmission network and comprising at least one electric winding, character- 
ized in that the winding of the machine (2. 4, 6, 8) comprises at least one electric 
conductor (35), a first layer (13) with semiconducting properties surrounding the 
conductor, a solid insulating layer (37) surrounding the first layer and a second 
layer (15) with semiconducting properties surrounding the insulating layer, and 

10 also in that auxiliary power means (10, 12, 14, 16, 18, 20, 22, 24, 26. 28, 30, 32, 
34, 36, 38, 40) are arranged to provide the requisite auxiliary power. 

2. A plant as claimed in claim 1 , characterized in that the potential on the 
first layer is substantially equal to the potential on the conductor. 

15 

3. A plant as claimed in claim 1 or claim 2, characterized in that the sec- 
ond layer is arranged to form a substantially equipotential surface surrounding the 
conductor. 

20 4. A plant as claimed in claim 3, characterized in that the second layer is 

connected to a predetermined potential. 

5. A plant as claimed in claim 4, characterized in that said predetermined 
potential is earth potential. 

25 

6. A plant as claimed in any of the preceding claims, characterized in that 
at least two adjacent layers of the machine's winding have substantially equally 
large coefficients of thermal expansion. 

30 7. A plant as claimed in any of the preceding claims, characterized in that 

the conductor comprises a number of strands, at least some of which are in elec- 
tric contact with each other. 

8. A plant as claimed in any of the preceding claims, characterized in that 

35 each of said three layers is firmly joined to adjacent layers along substantially its 
entire contact surface. 
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9. A plant as claimed in any of the preceding claims, characterized in that 

said layers are arranged to adhere to each other even when the insulated conduc- 
tor is bent. 

5 10. An electric power plant comprising at least one electric machine of al- 

ternating current type designed to be connected directly to a distribution or 
transmission network and comprising at least one magnetic core and at least one 
electric winding, characterized in that the winding is formed from a cable compris- 
ing one or more current-carrying conductors, each conductor having a number of 

10 strands, an inner semiconducting layer provided around each conductor, an insu- 
lating layer of solid insulating material provided around said inner semiconducting 
layer, and an outer semiconducting layer provided around the insulating layer, and 
in that auxiliary power means are arranged to provide the requisite auxiliary 
power. 

15 

11. A plant as claimed in claim 10, characterized in that said cable com- 
prises a sheath. 

12. A plant as claimed in any of claims 1-11, characterized in that the 

20 electric machine is a rotary electric machine and in that the stator is provided with 
at least two windings designed for different voltages, one of which windings is ar- 
ranged as auxiliary power winding to generate auxiliary power. 

13. A plant as claimed in claim 12, characterized in that the auxiliary 

25 power winding comprises at least one electric conductor, a first layer with semi- 
conducting properties surrounding the conductor, a solid insulating layer surround- 
ing the first layer and a second layer with semiconducting properties surrounding 
the insulating layer. 

30 14. A plant as claimed in claim 1 2 or claim 1 3, characterized in that one 

stator winding (6) is dimensioned for voltages in the range of 36 kV - 800 kV, 
whereas the auxiliary power winding (22) is dimensioned for voltages in the range 
of 400 V - 20 kV. 

35 15. A plant as claimed in any of claims 12-14, characterized in that the 

auxiliary power winding (22) is dimensioned to supply voltage within one of the 
following discrete voltage ranges: 380-420 V. 650-725 V. 3.1-3.5 kV. 6.2-7.0 kV or 
9.5-10.5 kV. 
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16. A plant as claimed in any of claims 12-14, characterized in that the 
auxiliary power winding (22) is dimensioned to supply a voltage arranged to be 
transformed to a voltage within one of the following discrete voltage ranges: 
380-420 V, 650-725 V, 3.1-3.5 kV, 6.2-7.0 kV or 9.5-10.5 kV. 

5 

17. A plant as claimed in any of claims 12-16, characterized in that the 
auxiliary power winding (22) is a three-phase winding. 

1 8. A plant as claimed in any of claims 12-17, characterized in that the 
10 auxiliary power winding (22) is placed in the bottom of a slot (7) formed between 

two adjacent stator teeth (4). 

19. A plant as claimed in claim 18, characterized in that the auxiliary 
power winding (22) is placed in an extra winding space (23) in the stator (1), ori- 

15 anted radially in relation to the stator winding (6). 

20. A plant as claimed in claim 18 or claim 19, characterized in that the 
auxiliary power winding (22) is placed in every slot (7) in the stator (1). 

20 21 . A plant as claimed in any of claims 1-11, characterized in that the 

electric machine is a generator and in that the auxiliary power means comprise a 
tapping terminal on the generator winding for tapping auxiliary power, to form an 
auxiliary power source. 

25 22. A plant as claimed in any of claims 1-11, characterized in that the 

auxiliary power means comprise as an auxiliary power source a separate auxiliary 
power generator, such as a synchronous machine or permanent magnet genera- 
tor, driven by the electric machine. 

30 23. A plant as claimed in claim 22, characterized in that the auxiliary 

power generator is provided with at least one winding comprising at least one 
electric conductor, a first layer with semiconducting properties surrounding the 
conductor, a solid insulating layer surrounding the first layer and a second layer 
with semiconducting properties surrounding the insulating layer. 

35 

24. A plant as claimed in any of claims 1-11, characterized in that the 

auxiliary power means comprise as auxiliary power source an extra secondary 
winding of an earthing transformer connected to a busbar for several generators. 
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25. A plant as claimed in any of clalnns 1-11, characterized in that at least 

one of the windings of an earthing transformer connected to a busbar for several 
generators is provided with a tapping terminal for extracting auxiliary power. 

5 26. A plant as claimed in claim 24 or claim 25, characterized in that at 

least one of the transformer's windings comprises at least one electric conductor, 
a first layer with semiconducting properties surrounding the conductor, a solid in- 
sulating layer surrounding the first layer and a second layer with semiconducting 
properties surrounding the insulating layer. 

10 

27. A plant as claimed in any of the preceding claims, characterized in that 
the auxiliary power means comprise at least one auxiliary power source which is 
connected to an auxiliary power busbar for distribution of auxiliary power, via 
power electronics equipment to keep the voltage on the auxiliary power busbar 

15 constant, the power electronics equipment being provided with a direct voltage 
intermediate link, to which a back-up voltage can be connected if necessary. 

28. A plant as claimed in claim 27, characterized in that a battery is con- 
nected to the direct voltage intermediate link to supply a predetermined back-up 

20 voltage to the direct voltage intermediate link if its voltage level falls below said 
predetermined level. 

29. A plant as claimed in claim 27 or claim 28, characterized in that the 
power electronics equipment comprises an input stage for rectifying alternating 

25 voltage obtained from the auxiliary power source, for generation of a direct volt- 
age on the intemiediate link in the power electronics equipment. 

30. A plant as claimed in claim 29, characterized in that the input stage 
comprises a diode bridge. 

30 

31 . A plant as claimed in claim 29, characterized in that the input stage 
and an output stage included in the power electronics equipment each comprise a 
converter equipment. 

35 32. A plant as claimed in claim 29, characterized in that the input stage is 

designed to generate a direct voltage on the intermediate link, with a load- 
dependent voltage level. 
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33. A plant as claimed in claim 32, characterized in that the Input stage 
comprises a resistor and an inductor to produce a load-dependent voltage drop. 

34. A plant as claimed in claim 33, characterized in that the input stage is 
5 so designed that, when the maximum pemnitted current Is supplied, the voltage on 

the direct voltage intermediate link lies below said back-up voltage. 

35. A plant as claimed in any of claims 27-34, characterized in that a plu- 
rality of generators with extra windings for generating auxiliary power are con- 

10 nected in parallel to the direct voltage intermediate link, each via its own input 
stage In the auxiliary electronics equipment. 

36. A plant as claimed in any of claims 27-35, characterized in that the 
auxiliary power busbar can be supplied from additional sources, such as external 

15 supply sources or generators driven by diesel engines. 

37. A plant as claimed in any of claims 27-36. characterized in that at least 
one alternating voltage busbar and at least one direct voltage busbar for distribut- 
ing auxiliary power are supplied both from a battery and from the auxiliary power 

20 busbar via a converter or from the intermediate link of the power electronics 
equipment. 

38. A plant as claimed in claim 12 or claim 13, characterized in that the 
rotary electric machine is arranged to be excited from the auxiliary power winding. 

25 

39. A plant as claimed in any of claims 27-37, characterized in that the 
electric machine is arranged to be excited with the aid of a chopper circuit, the in- 
put and output being galvanically separated and the input being connected to the 
direct voltage intermediate link. 

30 

40. A plant as claimed in claim 22 or claim 23, characterized in that the 
auxiliary power generator is connected to an auxiliary power busbar, and in that 
an integral motor is arranged to keep the speed of the auxiliary power generator 
constant when variations appear in the voltage and/or frequency of the supply 

35 network. 

41 . A plant as claimed in claim 22 or claim 23, characterized in that the 
power electronic equipment is arranged for optional control of power flow from 
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auxiliary power generator to auxiliary power busbar or from auxiliary power busbar 
to auxiliary power generator. 

42 A plant as claimed in claim 41 , wherein the electric machine is a syn- 
chronous machine, characterized in that the field winding of the auxiliary power 
generator can be short-circuited and in that its stator side can be ^^PP'" a 
three-phase voltage having a phase position and a frequency, such that the auxil- 
iary power generator functions as an asynchronous machine with direction of ro- 
tation for maximum braking torque. 

43 A plant as claimed in claim 41 , wherein the electric machine is a syn- 
chronous machine, characterized in that the field winding of the auxiliary power 
generator can be short-circuited and in that at least one stator winding m the auxil- 
iary power generator can be supplied with a direct current. 

44 A plant as claimed in claim 43, characterized in that a frequency 
changer or a separate thyristor current converter for single-quadrant operation is 
arranged to supply at least one stator winding of the auxiliary power generator 
with direct current. 

45 A plant as claimed in any of claims 41-44, characterized in that the 
auxiliaiV power generator is designed with a pole number suitable for frequency 
adaptation. 

25 46 A plant as claimed in claim 12 or claim 13 characterized in that the 

power electronics equipment is arranged for optional control of power flow from 
auxiliary power winding to auxiliary power busbar or from auxiliary power busbar 

to auxiliary winding. 

30 47 A plant as claimed in claim 46. wherein the electric machine is a syn- 
chronous machine, characterized in that the field winding of the r^acHne can be 
short-circuited and in that its auxiliary winding can t>e supplied with a three-phase 
voltage having a phase position and a frequency, such that ™: 
chine functions as an asynchronous machine with a direction of rotation for max,- 
35 mum braking torque. 

48 A plant as claimed in claim 46, wherein the electric machine is a syn- 

chronous machine, characterized in that the field winding of the machine can be 
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Short-circuited and in that at least one of its auxiliary windings can be supplied 
with direct current. 

49. A plant as claimed in claim 46, wherein the electric machine is a syn- 

5 chronous machine, characterized in that a frequency changer or a separate thy- 
ristor current converter for single-quadrant operation is arranged to supply an 
auxiliary power winding in the machine with direct current. 

50. A plant as claimed in any of claims 27-37 characterized in that the 

10 electric machine is arranged to be excited from a separately driven auxiliary power 
generator. 

51 . A plant as claimed in any of claims 17-21 , 22 or 23, characterized in 
that an auxiliary power generator or generator with auxiliary power winding is con- 

15 nected to an auxiliary power busbar, and in that actual loads are connected to in- 
tegral motors, the speed being kept constant when variations occur in the voltage 
and/or frequency of the supply network. 

52. A plant as claimed in any of claims 1-24, characterized in that the ma- 
20 chine with auxiliary power winding, connected to an auxiliary power busbar, can 

be driven in three simultaneous operation modes, namely a synchronous motor 
mode for driving a turbine part in air or vacuum, a synchronous compensator 
mode for generating reactive power for maintaining the voltage on the external 
network, and a transformer mode for transmitting power to the auxiliary power 
25 busbar. 

53. A plant as claimed in any of claims 1-24, characterized in that the ma- 
chine with separate auxiliary power generator, connected to an auxiliary power 
busbar, can be driven in three simultaneous operation modes, namely a synchro- 

30 nous motor mode for driving a turbine part in air or vacuum, a synchronous com- 
pensator mode for generating reactive power for maintaining the voltage on the 
external network, and a transformer mode for transmitting power to the auxiliary 
power busbar. 

35 54. A procedure in an electric power plant comprising at least one rotary 

electric machine (2, 4, 6, 8) of alternating current type designed to be connected 
directly to a distribution or transmission network and comprising at least one elec- 
tric winding, characterized in that the winding of the machine (2, 4, 6, 8) is 
formed of at least one electric conductor (35), a first layer (13) with semiconduct- 
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ing properties surrounding the conductor, a solid insulating layer (37) surrounding 
the first layer and a second layer (15) with semiconducting properties surrounding 
the insulating layer, and in that auxiliary power is generated with the aid of an ex- 
tra winding on the stator. 

55. A procedure in an electric power plant comprising at least one electric 
machine (2. 4, 6, 8) of altemating current type in the form of a generator, designed 
to be connected directly to a distribution or transmission network and comprising 
at least one electric winding, characterized in that the winding of the machine (2. 
10 4, 6, 8) is formed of at least one electric conductor (35), a first layer (13) with 

semiconducting properties surrounding the conductor, a solid insulating layer (37) 
surrounding the first layer and a second layer (15) with semiconducting properties 
surrounding the insulating layer, and in that auxiliary power is tapped from a tap- 
ping temiinal on the generator winding. 

56. A procedure in an electric power plant comprising at least one electric 

machine (2. 4, 6, 8) of altemating current type designed to be connected directly 
to a distribution or transmission network and comprising at least one electric 
winding characterized in that the winding of the machine (2. 4, 6, 8) is formed of 
20 at least one electric conductor (35). a first layer (1 3) with semiconducting proper- 
ties surrounding the conductor, a solid insulating layer (37) surrounding the first 
layer and a second layer (15) with semiconducting properties surrounding the in- 
sulating layer, and in that a separate auxiliary power generator is driven by the 
electric machine. 

25 , , . 

57. A procedure in an electric power plant comprising at least one electnc 

machine (2. 4, 6, 8) of alternating current type designed to be connected directly 

to a distribution or transmission network and comprising at least one electric 

winding, as well as an earthing transformer connected to a busbar intended for 

30 several generators, characterized in that the winding of the machine (2, 4, 6, 8) is 
formed of at least one electric conductor (35). a first layer (13) with semiconduct- 
ing properties surrounding the conductor, a solid insulating layer (37) surrounding 
the first layer and a second layer (15) with semiconducting properties surrounding 
the insulating layer, and in that auxiliary power is extracted from an extra secon- 

35 dary winding of the earthing transformer. 

58. A procedure in an electric power plant comprising at least one electric 

machine (2, 4, 6, 8) of altemating current type designed to be connected directly 
to a distribution or transmission network and comprising at least one electric 
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winding, as well as an eartfiing transformer connected to a busbar intended for 
several generators, characterized in that the winding of the machine (2, 4, 6, 8) is 
formed of at least one electric conductor (35), a first layer (13) with semiconduct- 
ing properties surrounding the conductor, a solid insulating layer (37) surrounding 
5 the first layer and a second layer (1 5) with semiconducting properties surrounding 
the insulating layer, and in that auxiliary power is tapped from a tapping terminal 
of a transformer winding. 

59. A procedure in an electric power plant comprising at least one rotary 
10 electric machine (2, 4, 6, 8) of alternating current type designed to be connected 

directly to a distribution or transmission network and comprising at least one elec- 
tric winding, as well as an auxiliary power generator connected to an auxiliary 
power busbar, characterized in that the winding of the machine (2, 4, 6, 8) is 
formed of at least one electric conductor (35), a first layer (13) with semiconduct- 
15 ing properties surrounding the conductor, a solid insulating layer (37) surrounding 
the first layer and a second layer (15) with semiconducting properties surrounding 
the insulating layer, and in that the power flow is controlled optionally from the 
auxiliary power generator to the auxiliary power busbar or from the auxiliary power 
busbar to the auxiliary power generator. 

20 

60. A procedure in an electric power plant comprising at least one synchro- 
nous machine (2, 4, 6, 8) designed to be connected directly to a distribution or 
transmission network and comprising at least one electric winding, characterized 
in that the winding of the machine (2, 4, 6, 8) is formed of at least one electric 

25 conductor (35), a first layer (1 3) with semiconducting properties surrounding the 
conductor, a solid insulating layer (37) surrounding the first layer and a second 
layer (15) with semiconducting properties surrounding the insulating layer, and in 
that the field winding of the machine is short-circuited and an auxiliary winding of 
the machine is supplied with a three-phase voltage having a phase position and a 

30 frequency such that the machine functions as an asynchronous machine with a di- 
rection of rotation for maximum braking torque. 
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